
AD -A25 2 222

RESEARCH AND DEVELOPMENT TECHNICAL REPORT
CECOM/E-TR-92-1

TECHNICAL EVALUATION OF THE PROTOTYPE

ORNL ALPHA RADIATION DETECTOR/PROBE
* WITH THE AN/PDR-77 RADIAC SET

MICHAEL J. BASSO
IRA A. KAPLOWITZ

ELECTRONIC WARFARE/RECONNAISSANCE SURVEILLANCE
AND TARGET ACQUISITION DIRECTORATE
SENSOR SYSTEMS DIVISION

June 1992 DTIC
SELECTi

JUN 2 9 199t

DISTRIBUTION STATEMENT

APPROVED FOR PUBLIC RELEASE. .. .. .. . .
DISTRIBUTION IS UNLIMITED.

U

CECOM

US ARMY COMMUNICATIONS-ELECTRONICS COMMAND
RESEARCH, DEVELOPMENT AND ENGINEERING CENTER

FORT MONMOUTH, NEW JERSEY 07703-5000 92-16923

92 162



NOTICES

Disclaimers

The findings in this report are not to be construed as an

official Department of the Army position, unless so desig-
nated by other authorized documents.

The citation of trade names and names of manufacturers in
this report is not to be construed as official Government
indorsement or approval of commercial products or services
referenced herein.



REPORT DOCUMENTATION PAGE

ow.rng.bieeIJ. U -Ums.v Nsa'ui. MWi 10 04 Oft*Of MSPA9SlI66" MW awdge Poowi euus =vs0u~NLIpn

1. AGENCY USE ONLY (Leve 6ink) m2. aEOT DATE J. 1PORT TYPE Ale DATC COVERED1 June 1992 Technical Report: Nov 91 to Jan 92
4. TTLE ANO SUBTITUE S. UDING NMS

TECHNICAL EVALUATION OF THE PROTOTYPE ORNL ALPHA RADIATION
DETECTOR/PROBE WITH THE AN/PDR-77 RADIAC SET

6. AUTHMS)

Michael J. Basso
Ira A. Kaplowitz

7. PlRFORM ORGANIZATION NAMIE(S) ANO ADORISS(4S) L PERFORMING ORGANIZATION

US Army Communications-Electronics Command (CECOM) REPORT WNMR

EW/RSTA Directorate, Sensor Systems Division CECOM/EW-TR-92-1
ATTN: AMSEL-RD-EW-SS
Fort Monmouth, NJ 07703-5206

9. SPONSORING/ MONITORING AGENCY NAME(S) AND AOORESS(ES) 10. SPONSORING/IMONITOING
AGENCY REPORT NUMBOWER

11. SUPPLEMENTARY NOTES

Ila. OiST TION/AVAILANIUTY STATEMENT 12b. DISTRIBUTION CODE

Approved for public release; distribution is unlimited.

13. ABSTRACT (Maximum 200 words)

A new Alpha particle detector, designed and fabricated by the Oak Ridge National
Laboratory (ORNL) was procured and technically evaluated by the U.S. Army. Two of
the three detectors procured were tested under guidelines obtained from U.S. Army
requirements for an Alpha detector probe. The probes represent the state-of-the-art
in Alpha particle detector design and fabrication affording ruggedness in design,
accuracy at low count rates (-1O%) below 30 CPPM, excellent operating temperature
(-30 to 60 deg C), and insensitivity to gamma rays (CS-137) up to 2 R/hr. Its
unique feature centers on the solid state construction of the Alpha detector which
is composed of a transparent epoxy having embedded silver actuated zinc sulfide as
the scintillator. A flat light pipe coupled to a photomultiplier tube provides the
light sensing design. Test results indicate a drop in response as one approaches
the edge of the detector face due to the geometry of a flat light pipe de.ign,
suggesting a redesign from a flat geometry to one having a cone shape.

14. SUJEICT TERMS 15. 0UI18 OF PAGES

Alpha Radiation; Radiation Monitoring 123

I?. SICUITMY CILASSIPICATION IL. SECURIT CASOWCATMO 19. SEC1Y 43A:SIAO 21L UMITATION OF I~hC
OF REPORT OF HIS PAA OF ABNTRACT

Unclassified Unclassified Unclassified UL
SN 75401.230-$550 Stanfdard Form 296 (Rev 2-69)

Pmcled by AI oW M3 to
no-lea



FOREWORD

The Electrnic Warfare, Reconnaissance, Surveillance and Target
Acquisition Directorate (Ef/RSTAD), in consonance with their official
mission of developing new radiac equipment for the US Army, procured
and received for test and evaluation three (3) prototype Alpha Probes
from Oak Ridge National laboratory (CRNL), for use with the AN/PDR-77
Radiac Set. These probes represent the state of the art in alpha
particle detector design and fabrication. If acceptable to the US
Anry, this technology may yield great benefits in the maintenance and
use of Alpha Radiacs. The prototype probes use a solid state
detector, in contrast to the thin layer of aluminized mylar, coated
with a scintillator made of silver activated zinc sulfide, now in use
in the Aniy's Alpha Radiacs. The solid state detector is coposed of
a transparent epoxy which contains a scintillator, located near the
surface of the epoxy, composed of silver activated zinc sulfide. A
description of the design and fabrication technique of the detector
are presented in Appendix C. The following test procedure and data
are the result of an in house effort to technically assess the
performance characteristics of this new device in relation to the US
Amy's requirements. Major detector characteristics are shown in
figures 14 and 14A for the two probes tested.
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This dont is the result of a testing effort to assess the
technical performance of a now Alpha radiation detector design. The
guidelines for this test effort were established by the US Army
requirements for an Alpha Probe. ne testing was corut.2 as an
internal EW/RS Directorate effort utilizing in house personml arxd
facilities. The test data set forth in this docmnt are based on a
small sample of Alpha Prmbe. Teefore, the conclusis can not be
based solely on statistics, but also on scientific judgement and
experience.
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SUMMARY OF TEST REULTS

1. "

(a) Definitions

(1) 1FFICm4CY: The efficiency of the Alpha Detector is
defined as the ability of the detector to detect the
calibrated count rate (in counts per minute, or CR) of
alpha particles emitted from a calibrated source in 2Pi
geometry with no additional electronic amplification by the
AN/PER-77. The internal AN/PCR-77 amplification adjustment
switches H and J are set to zero when efficiency isdetemined

(2) ACCRACY: The accuracy of the Alpha Detector is the
ability of the detector to count the calibrated number of
alpha particles emitted per minute from an alpha surce in
2Pi geometry, after having been calibrated using the
AN/PER-77 internal electronic amplification switches H and
J.

(3) A11HA ETECIOR FACE AREA: The Alpha Probe has an Alpha
Detector that is solid state in construction and is
protected by am aluminum grid which divides the area of the
probe face into nine (9) segments (See figure 5A). Mhen
calibrating the Alpha Probe using the AN/PER-77 Calibration
Fixture and the AN/UDM-6 Radiac Calibrator, only segment #2
of the probe face is calibrated. (See figures 3 and 6.)

(4) CR4 versus DFM: The term CPM (Counts per Minute) refers
to the number of alpha particles emitted per minute in a 2Pi
geametry. The term DPM (Disintegrations per minute) refers
to the number of nuclei in the source which disintegrate
each minute in a 4Pi geometry. In the case of the AN/UEM-6,
Plutonium 239 is electroplated as a thin coat on a metal
disc and the thickness of the layer is so small that it does
not present a problem in self absorption of the alpha
particles.

(5) INTEGRATED ALPHA DETECIOR FACE AREA ACCURACY: This
accuracy is the sum total of each of the accuracies of the
individual segments of the face area, divided by nine to
achieve the average accuracy per segment.

(6) AJIHA PROBE DESI(ATED IDEITITS: The two (2) Alpha
Proes tested were assigned the identities of Probe A-I and
Proe A-2. Their respective serial numbers are AP094001 and
AP094003.
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(7) CALIERATED - 3ISIGNATED l rNTI' : Ihe three
calibrated attenuators were given the following identities:
The attenuator having an attenuation factor of .981 was
designated K-1, that having an attenuaticn factor of .662
was designated K-2, and that having an attenuation factor of
.961 was designated K-3.

(8) ENMEY EI=rcN THRISML: The energy of the least
eneretic alpha particle which the radiac can successfully
detect (count). The alpha particle must possess enough
kinetic energy.to penetrate the aluminum (light tight) layer
as well as the epoxy material of the detector itself, and
still produce sufficient photons by colliding with the Zinc
Sulfide scintillator. These photons are collected by the
light pipe aid detected by the potczultiplier tube, whose
output is an electronic pulse. The anlitude of this pulse
is greater than the electronic discriminator threshold,
allWing the event to be counted by the radiacmeter.

(9 13N/UX1-6 RADIAC CALIERA IR: A set of four calibrated
sources whic provide (nuinal) count rates of

1,000, 10,000, 100,000, and 1,000,000 CPM. A letter of
certification from the US Army Primary Nucleonics Laboratory
at Sacramento, California, is included in Anpendix C. This
letter also gives the exact, calibrated count rates.

(b) POST-TEST EUT

The following observations and conclusions are based on the
data accumulated during testing. Measured test values are
slmmarized and presented in Table 1.

(a) Calibration: The alpha probe was easily calibrated
following the calibration procedure outlined in the Test
Plan. This calibration was maintained throughout the
testing program.

(b) Rge: The measured range of the Alpha Probe extended
frum 21 CPM to 1358 KCPM in the total count mode while
maintaining the required accuracy of ±10%. In the count
rate mode, the Alpha Probe demonstratr cowliance lor count
rates in the order of magnitude of 10 , 610* , and 10
CPM. At count rates of the order of 106 CPM, which
exceeds the range of the instrument, the display read 999
KCRM.

(c) Linearity:

(1) Low Range: The measured linearity at the lower end
of the range demonstrated compliance (±10% accuracy)
with the requirements. The low range linearity test
included the following count rate levels: 26, 465, and
1376 CPM.
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(2) High Range: Me measured linearity at the high CPM
range also dmstrated ompliance (±10% accuracy) with
the requirements. 7he high range linearity test
consisted of the followin CRM levels: 11799, 121560,
and 1,113,522 CR4.

(d) EnTh hreshold: The minimum energy level for Alpha
Particle detection for both prototypes tested meets the
requirnt for an energy threshold of 3 MeV or less.

(e) Gama M - Bath pe -ted zero counts
when exposed to a gamma field of 1 R/hr. This result meets
the Army requirnt of demnstrating a count rate of 25,000
CPM or less in a 1 R/hr gamma field. At higher gamma
intensities, the Alpha Probe demarstr.ted a susceptibility
by exhibiting a drop off in the measured alpha count rate.
(See figure 10.) The observed drop in the alpha count rate
is not ccnsidered a discretancy, since the effective gamma
dose rate would be too harmful to the operator for practical
use of an alpha radiac.

(f) B=MLife: Both prototypes exceeded the fifty hour
operational reAyirment. Hwever, the battery life depends
on the current drain, which is determined by the mode in
which the AN/PIR-77 is operated. Alpha probe A-1 was
operated in the count rate mode, utilizing calibration
source A (1376 CR4). During this tqst, the light in the
radiacmeter was turned on for four hours, but no other
indication (alarm or chirper) was used. The unit performed
within the specified accuracy (±10%) for 93 hours, until the
built in low battery indicator alarmed. The low battery
indicator is designed to alarm when approximately ten hours
of battery life remain. Alpha Probe A-2 was also operated
in the count rate mode, utilizing source C (121,560 CR4).
During this test the radiacmeter light was turned on for
five hours, with no other indicator used. The unit
performed within the specified accuracy (±10%) for 82 hours,
until the built in low battery indicator alarmed.
Recalibration of both units demonstrated that no changes
occurred in the circuitry or detectors due to the battery
failure. The same calibration switch settings were observed
following the recalibration as before the battery test.

(g) Response Time: Both prototypes met the requirement of
measuring the count rate of the calibration source with an
accuracy of ±10% two minutes after being turned on, after
having been off for no less than sixty minutes.

(h) Stability: Both prototypes met the stability
requirements based on data obtained during the battery test.
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(i) Ligh.l Probe A-2 exhibited a light leak. The leak
was traced to segment #5 of the detector face. Subsequent
analysis indicated a thinning of the aluminum layer, which
acts as a light shield, at this particular location. A
repair was effected using aqua-dag, a colloidal carbon
solution.

(J) Hih Temperature (140°F/60"C): Both prototypes met the
±10% accuracy requirement at high teaierature. Probe A-I
exhibited a drop in Count rate readings of 3.4%, and probe
A-2 exhibited a drop in readings of 8.9%.

(k) Detector Area Response: The average accuracy for both
prototypes was evaluated. Results showed that Proe A-1
displayed an average segment accuracy for count rate of
+6.8%, while Probe A-2 displayed an average segment accuracy
for count rate of -16.4%. Probe A-2 does not meet the ±10%
accuracy requirement when used in a large surface area
contaminaticn field. Probe A-2 data was acquired using an
opaque black cloth draped over the detector to eliminate the
effect of any light leak. Therefore, the data reflects the
effects of fabrication and materials in the performance of
detecting and cotnting alpha particles with Probe A-2.

Further analysis of the detector area data acquired
with a small area collimator shows that the sensitivity of
the detector face varies racLially with the distance from the
geometric center of the detector face. The piomultiplier
tube (PMr) is typically located at this point on the
detector, and logically the counting accuracy should be the
highest at this location. As one moves away from the
center, the counting accuracy decreases, as one approaches
the edge of the detector. It is thought that this, the
geometry of the light pipe being relatively thin, causes the
shape of the light pulse generated by an incident alpha
particle to beccue distorted, stretching the pulse, and
thereby decreasing its height. If the pulse height is
decreased sufficiently, it will fall below the discriminator
voltage threshold. Other contributors may include an uneven
distribution of Zinc Sulfide scintillator, or an uneven
thickness of aluminum. These, however, would most likely be
randomly distributed across the detector face, and not
contribute to the radial decrease in count rate.

(1) Lcw Voltaie Effect: The performance of both prototypes
was acceptable, riaintaining a ±10% accuracy in count rate
for a voltage drop of greater than three volts, from an
original stating voltage of nine volts. The readout from
the radiacmeter became unstable between 4.5 and 5.0 volts.

7



(m) System Current Drain: The current drain for both
prototypes was measured for different operating conditions
and cr,-binations, incorporating high and low cont rates,
back lighting off and on, ctirper off and on, and audio
alarm off and on. Results show that a minimum current drain
occurs when the instrument is measuring count rate with the
back light, the chirper, and the audio alarm all of f. In
this mode, the current drain averages approximately 10 mA.
Measuring count rate with the back light, the ctirper, and
thg audio alarm all on, and a count rate on the order of
10 CR4 produces an average current drain of approximately
30 mA. Each BA-3090 battery can supply 20 mA for 20-25
hours. Therefore, three such batteries, as used in the
AN/P!IZ-77, did supply sufficient power to operate an
instnment for at least fifty hars.

(n) Low Teperature (-25°F/-32°C): Both prototype probes
were subjected to a temperature of -25°F(-32°C). The
radiacmeter was not exposed to the low temperature. Both
prototypes maintained the same count rate accuracy as at
roam temperature for more than two hours at low temperature
prior to termination of the test.

(c) Conclusion

The AN/PER-77 Solid State Alpha Probe demonstrated a
considerable improvement in performance and physical construction
over ea:.iier alpha particle detectors. Specifically, the major
improvement is the solid state construction of the detector
element, which eliminates the old problem of puncturing the thin
zinc sulfide coated, aluminized, mylar "window" during field
surveys. The durability of the present thin aluminum light
barrier on the outer surface of the solid state alpha detector is
unknown. A proper assessment would require field testing which
would subject the instrument to rough terrain. Mnother
improvement is the increased insensitivity to background gamma
radiation for a gamma dose rate of 1 R/hr. This will allow area
monitoring to be done in a higher background envirorment than was
heretofore possible. Other positive design features include
stability of the device at high and low temperatures, as well as
excellent range and linearity. The unobstructed detector face
area is much larger than that of the Rrobes currently in use.
The prototypes have an area of 100 cn, divided into nine
seyirnts, whereas the older probes have a wire mesh dividing 100
an into 320 smaller segments. The decrease in count rate
radially from the center of the detector face (note earlier)
should be improved. This may be done by replacement of the
geometrically flat light pipe now used with one shaped to provide
less distortion. For example, a cone shape might be used. It
is, however, concluded that the prototype Alpha Particle
Detector, designed by the Oak Ridge National Laboratory (ORNL),
presents a vast improvement in the current design of alpha
particle detectors.

8



Table I
SUIMIARY OF MEAURED TEST RISKJfS

1. Clbain
Switch #2. settirW of H an J

A-I 4 5
A-2 4 5

2. a . .
Calibrated Count Pate Axracv (5 min ont) AcgOacy (Oat Rate)

Probe A-1 Probe Probe A-I Probe A-2
a. 26.8/21.07 CRM .978 .982 N/A N/A
b. 1376/3106 CFM .996 1.02 .996 1.036
c. 11799/13126 CrM .996 .980 1.020 .995
d. 121560/144320 CPM .989 .962 1.020 .965
e. 1113522/1358710 CPM .944 .933 Off Scale 1.010

* Left value for Probe A-i, right value for Probe A-2.

3. Lieriy
(Five minute count mode) (Count rate mode)

Calibrated Count Pate be A-1 PI robe A-2 Prbe A- Probe A-2
a. 26.8/54.1 CrM 0.950 0.99
b. 465.1 CPM 1.01 0.98
c. 1376 CPM 0.997 0.98
d. 11799 CPM 1.00 1.02
e. 121560 CRM 1.01 0.989 0.995 0.969
f. 376370 CRM 1.00 0.981
g. 1113522 CPM 0.929 0.936

4. Enerv Detection Threshold:

AlkaEnergy (MeV)
Probe A-i 1.8 (Detector Area Segnnt #5)
Probe A-2 2.1 (Detector Area Segment #5)

5. Ganc e

counts per Minute
Probe A-I 0.0
Probe A-2 0.0

6. Battery Test

Time until Voltage when Calibration
Low Battey accuracy >10% Check

Probe A-i 93 Hrs (Light on 4 Hrs) 5.5-6.0 VDC OK
Probe A-2 82 Hrs (Light on 5 Hrs) 5.5-6.0 VDC OK

7. Response Time: Power Off one hour to power On

Probe A-1 Accuracy Before: 97.9% Accuracy After: 98.7%
Probe A-2 Accuracy Before: 92.6% Accuracy After: 97.9%
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Table I

SIMMUM OF MAOSR=D TEST RESUS (ontinued)

8. Stab±L Accuracy stayed within specified limits.

Probe A-i Yes
Probe A-2 Yes

Battery aoinlnt Restores Reading to Specified Accracy:

Prcbe A-i Yes
Probe A-2 Yes

9. Lia&JLak All detector face area segments indivicually tested.

Prcbe A-I No Failures
Probe A-2 Failure in .one segment (Rairs effected)

10. Hiah TgMMature (60'C):

Percent QMne Room TaWgMature/Hh Tw erature

Probe A-I -3.4%
Probe A-2 -8.9%

.11. Detector Area Response:

Avera e of all nine secmgets.

Probe A-i 1.068 (+6.8%)
Probe A-2 0.836 (-16.4%)

12. Low Voltace Effect:

Vo Probe A-I b A-2

9.0 12.9 KCT4 12.4 KCRM
8.5 12.9 KCv4 12.4 KCRM
8.0 12.9 KCPM 12.3 KCRM
7.5 12.9 KCEM 12.2 KCP1
7.0 12.6 KCPM 12.2 KCPM
6.5 12.4 KCM 12.2 KCR4
6.0 11.9 IKCFM 11.5 KCPM
5.5 11.3 KCRM 11.0 KCH4
5.0 10.0 KCPM 5.0 KCRM
4.5 4.0 KCPM Erratic
4.0 Erratic Erratic
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Table I

SED29M OF FM TEST RE TS (Continu

13. SvstnM Current Drain:

Probe A-1 Probe A-2

Radiacmater on, No Source, Light off 9.15 mA 11.50 mA
Radicmeter on, No Source, Light on 18.25 mA 21.80 mA

Source A, No Light 10. 10 mA 11.50 mA
Source A, aiirper On 11-13 mA 10.8-12.1 mA
Source A, Alarm On 17-26 mA 16-27 mA

Source C, No Light 10.10 mA 10.95-11.25 mA
Source C, Chirper On 16-25 mA 17-27 mA
Source C, Alarm On 17-26 mA 16-27 mA

Source D, No Light 10.10 mA 11.20 mA
Source D, Clirper On 18-28 mA 17-28 mA
Source D, Alarm On 17-27 mA 16-26 mA
Source D, airper On, Light on 25-37 mA 30-40 mA

14. eaw TMMte = (-320C):

Percent Chage Roan Teverature/tn Temerature

Proe A-i +1.59%
Probe A-2 -0.85%

11
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ALPHA PROBE
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Figure 1

AN/PDR-77 with Prototype Alpha Prcbe
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I. CLRTI TEST

A citeria:

The irstrument shall be calibrated against Plutonium 239, using
the AN/UEO-6 Alpha Radiac Calibrator. The meter indication shall be
proportional to the ccrcentraticn of radioactive material of the
source.

B. Reguired Bagiuiment:

1. AN/UM-6 Radiac Calibrator.
2. AN/PER-77 Calibration Fixture.
3. screwdriver.
4. IM 11-6665-251-40.

C. Test rE%2 re:

1. Record the date, the serial numbers of the radiaater, the alpha
probe, the calibrator, and each of the four calibrator sources, and
the calibrator's calibration date in the indicated spaces on the data
sheet. Record the calibrated count rate for each of the four
calibrator sources in the indicated spaces on the data sheet.

2. Set the instrument for Scalar Mode, with a five minute counting
time. Using the screwdriver, loosen the eight captive screws at the
rear of the radiaamter casing and slide the casing backward far
enogh to expose the slide switches.

3. Take a five minute Backgroun Count, and record this number on the
data sheet (Step 1).

4. Using the calibration fixture, take a five minute reading for
Source A, and record this number on the data sheet (Step 2). (See
Figures 2 to 6)

5. Using the calibration fixture, take a five minute reading for
Source B, and record this number on the data sheet (Step 3).

6. Using the calibration fixture, take a five minute reading for
Source C, and record this number on the data sheet (Step 4).

13



CALRATIM TEST (CCtinued)

7. Divide the difference between the result of Step 2 and Step 1 (the
cCont on the data sheet) by five times the calibrated

activity of source A, and record this number an Step 5 of the data
sheet.

8. Divide the differenc between the result of Step 3 and Step 1 (the
Baclalround omt on the data sheet) by five tines the calibrated
activity of saurce B, and record this number on Step 6 of the data
sheet.

9. Divide the difference between the result of Step 4 and Step 1 (the
Bacground Count on the data sheet) by five times the calibrated
activity of source C, aid record this number on Step 7 of the data
sheet.

10. Add the results of Steps 5, 6, and 7 of the data sheet, then
divide the total by three. Paund this off to two decimal places- and
record this number on Step 8 of the data sheet.

11. Use the result of step 10 above to set switdes H and J on switch
2 IAW page B-11 of 'I 11-6665-251-40 and record these settings on Step
9 of the data sheet.

12. Slide the casing back into position, and tighten the screws.

13. Repeat steps 3 through 9 above. If the results of steps 7, 8, or
9 for the second time are less than 0.90 or greater than 1.10, the
instrument has failed the test.
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Apha Calibrator, N/UM-6 s: I o3

Calibrationi date:±E F63C

RadiacI1eter SIN:.STh~l i3 PrcibeS/N:1PO1H01 (tqi)

Alpba Calibrated Attewator Calibrated
source SA& A= =it(CPM N er Attenuated Activity (CM

B€?\ 7 \V \ _ _ _ _ _ _ _ _ _ _ _A

Made: Patmter__ Scalar Y Preset Tim Interval (Min):

Test Dt

1. BackagrudCixjt:- C 15

2. Reding forSourceA: 3

3. Readin for Source B: 0 .

4. Reading f or Source C: 0.C Y'
5. Divide the difference betwe the result of Step 2 and the
BacBz count by five times the calibrated activity of source

6. Divide the difference between the result of Step 3 and the
Badcrou9') Cont by five times the calibrated activity of source
B: 'LIS__I

7. Divide the differenc between the result of Step 4 ard the
BacJ=d Count by five times the calibrated activity of source
C: I q

8. Add the results of st 5, 6 and 7, then divide by three. Round
off to tw decimal places: L
9. Set switches H and J on switcth 2. H: J: -<

15



Alpa Calibrator, ANI SN: 1003

Calibration date: 01 FE6 00
RmiaimerSN: 90.4 ITProb±e SIN::

Alpha calibrated Attenuator Calibrated
Sg== $jN ActvitvC Number Attenuated Activity (CPM

C ?NOQ1 Av IP __ _ _ _ _______

Made: Rtemeter_ ScaiazX.. Preset Tim Interval (Mmn): 0
Test Dt

1. BacgrondCout:- 3.2

2. iR g for Source,: 3A: ' -

3. Reading for Source B: ' K

4. Rein for Source C: -''-*

5. Divide the difference between the result of Step 2 and the
Backgroud ount by five times the calibrated activity of source
A: ..AY.L...
6. Divide the differenc between the result of Step 3 and the
Bac gr Count by five times the calibrated activity of source
B3

7. Divide the difference between the result of Step 4 ard the
BaC= Count by five times the calibrated activity of source

8. Add the results of steps 5, and 7, then divide by three. Round
off to tw decimal places: 0

9. Set switches H arxd J on switch 2. H:___ J:___

16



TEST FIXTURE

AN/U OM-6
ALPHA PARTICLE SOUR

2.8 Cm

12.6 Cm

Figure 2

Test Fixture used with AN/UM1-6
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Poitimi of Prototype Alphia Prabe in Test Fixture

ALPHA PROBE ELECTRONICS

AN/UOM-6 ALPHA SOURCE

Figure 3

frototype Alphia Pr-ae and Test Fixture
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Oak Ridge National Laboratory
Prototype Alpha Particle Detector

Scwa-namrI±.1990 - n
6M A Alu=mum h aaicait
Hamamatmu R 1924 PMT 0 900V. 200 mV input saisvity
Ligh-tight to 10.000 ft canls

Scinulator#1O1791- z5s
8ocoA, Aluminum + hdcoat
Hamamatsu R 1924 PMIT @ 925V. 200 mV input sensitivity
Light-tight to 10.000 f,. candles

Figure 4

Alpha Probe Scintillator, Light Tight Coating Thickness,
and ; ;ai tiplier Tube
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2mm
THICKNESS

10mm L~ 1--o-,

3 -- 7 22

Figure 5

AlP Probe Detector Face Dimensiris
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E SEGMENT SEGMENT SEGMENT
#1#2 #3

SEGMENT SEGMENT SEGMENT
1/4 #5 #/6

SEGMENT SEGMENT SEGMENT
417 #/8 #9

Figure 5a

Alpha Probe etector Face Segnents
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Figure 6

calibration of Alpha Prob~e usingq Detector Segment #2
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II. RANGE TT

A. -criteria:

The instrument shall detect alpha particles, and shall indicate
on a meter the rate in either counts per minute (CR() or
disintegrations per minute per 100 square centimeters (DRM/100cm2 )
at which alpha particles are impinging upon the detector. The
units should be user selectable. Desirable meter ranges are 0-10
CR( aid 0-10~ DPMlo/10

B. Recuired Eauipaent:

1. AN/UEI-6 Radiac Calibrator.
2. AN/PER-77 Calibration Fixture.
3. AN/UM-6 Calibrated Attenuators (See figure 7).

C. Test Procedure:

1. Record the date, the serial numbers of the radiacueter, the alpha
probe, the calibrator, and each of the four calibrator sources, and
the calibrator's calibration date in the indicated spaces on the data
sheet. Record the calibrated count rate for each of the four
calibrator sources in the indicated spaces on the data sheet. Take
five 5 minute background counts and record them on the data sheet.

2. Set the instrument for Scalar Mode, with a five minute counting
time. Take five 5 minute counts for sources A, B, and C, and record
the results on the data sheet. (Steps 1, 2, and 3)

3. Then set the instrument for a 0.8 minute counting time, take five
0.8 minute counts using source D, and record the results on the data
sheet. (Step 4)

4. Take the average of the readings for each of the four sources. For
sources A, B, and C, divide the results by five. Take the average of
the five readings for source D. Divide this result by 0.8, and record
this on the data sheet. (Step 8) Divide Step 8 by the calibrated
activity of source D and record on the data sheet. (Step 13)

23



II. RANE TEST (Oontimied)

5. Set the counting time back to five minutes. Using source A with
the K-1 attenuator, take five 5 minute conts, and record this on the
data sheet. (Step 9). Average these readings, subbat the five
minute backqrciird comt taken during calibration, divide by five, and
record the results on the data sheet. (St 9a and 9b)

6. Cwpare the results with the calibrated source couit rates and
record the results on the data sheet. (Steps 10 to 14)

7. Repeat steps 2 troIugh 5 with the instrument in the count rate
mode, and record the results on the data sheet. (Steps 15 to 19).

24



Ty'pe Test: RANGE, DAM: 1(

Alpha calibrator, AN/UL[-6 s/N: I Q 3

Calibration date: CA Fq I

Alpha Calibrated Attermtor calibrated
source UM ±ctivity(CIPMf A en~r Attenuated Activity (CRM

B s DaLta

Mo~de: RataieterZ__ Scalar 'Y Preset Time Interval (Min): 0.'

Backgr onts:

1. Readings for Source* A:(.1

2. Reading~s for Source B: g.).(,-VYZ K9I ,
3. Readings for Source C:&Q6Vk, ho)£,PO1K. 9IK

4. Readings fo oreD 5k qq )A 1

5. Average the readirms for source A, and divide by five: 1,31 K~

6.A verage the readig for srce B, and ivide by ive: I1-14 K CPm

7. Average the readings for source C, and divide by five: 4L-~ ce'T
8. Average the readings for source D, and divide by 0.8: Cot,)

25



DAT SHEET (C ntinued)

Tye Test: RAG (Contimied)., DATE:_ ___

Mo1de: Rateite__r Scaar. Preset Time interval (m): s.0

Probe SIN:

9. Readings for Source A (,with Attenuator K-i):

a. Average reading for source A with attenuator K-i: IN.A3
b. Subtract baDirvmid cet from step 9.a and divide by 5:

10. Divide step 5 by calibrated activity of source A: I" '

11. Divide step 6 by calibrated activity of somre B: 996
12. Divide step 7 by calibrated activity of source C: 19 9
13. Divide step 8 by calibrated activity of source D: 19~ 1
14. Divide step 9.b by Calibrated attenuated activity of source A:

26



DM ET (Continued)

Prcbe SIN: 'A-_

15. epeat procedure with instrument in count rate mode:

a. Readings f or Source A:~.~ % 6 *) -I -"i Vm' - 1. - V- 1'%)'

* b. Readings, f or Sourcoe B:?.t' %1.1k %lf .OkV V1.0 V, \\ -CAI K 00I

c. Pteadings for Source C:I-AC le j 19~ 'A-1 IIV-- A V- t'3 IA). K

d. Readigs forag oue D:r't e a b r

16. Divide average count rate in step 15.a by source A calibrated

activity:

17. Divide average count rate in step 15.b by source B calibrated

activity: Q)

18. Divide average count rate in step 15.c by source C calibrated

activity: I -4Z

19. Divide average Count rate in step 15.d by source D calibrated

activity: OF~F 'SCALE
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7 je Test:~ ANG._MM 13 ____

Alpha Calibrator, ANUS-6 S/N: 'A 6
Calibration date:_______ q1

Raianeter S/N:-.' A..3... ProbeSI:A OL

Alpha Calibrated Attmiuator Calibrated
S SN Acivitv(CM N Attenuated Activity (CM

B A ___ __ __ _ __ _ __

D 3 ei ~~~2 3g~ W: . q 7

Mde: atemste__ ScalarK Preset Tie Interval (Min): ,

Test Dt

1. PadnSfrSuc A-K9';j.)r.5L .q

2. Readings for Source B: 49 .P,? 0K 0V ,
3. Redi for C: (AqJK, &94l. 63 k. (,q3c; (,cfl
4. Readings for Source C: g .OK, 4:

5. Average the readings for srce A, aid divide by five: j.3 " I'M
6. Average the readings for source B, aid divide by five: )a, ' k, .

7. Average the readings for source C, and divide by five: j313q K epp,

8. Average the readings for source D, and divide by O.\: Cup~iik Y
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T SHET ~(Cotinued)

lype Test: RANGE (Continuied), MAE:

Made: Ratmtetr_ scalar. Preset Time Interval (Min):

Probe S/N:_________

9. Readings for Source A (with Attenuator K-i):
\\I I° I M I 'Oki I %%1

a. Average reading for source A with attenuator K-i: I O"

b. Subtract background oount from step 9.a ard divide by 5: CM

10. Divide step 5 by calibrated activity of scurce A: WO 1-0

11. Divide step 6 by calibrated activity of source B: M % QZ

.12. Divide step 7 by calibrated activity of source C: t (

13. Divide step 8 by calibrated activity of source D:

14. Divide step 9.b by calibrated attenuated activity of source A:
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DAM SHr (Cotinued

T~ype Test: RANGE (Continued). MM: 13 MAIZ q
15. Repeat procedure with instrument in cou~nt rate mode:

Probe SIN:____

AveOaM

a. Readings for Source A:~A~. .I 4N t.5v 1 , ki .I IJ4 6
b. Re So-ce B: - , -\1, V%.BV- Ii .- t  II.O% K
c. Readings for source cA41 Vt. I 13 .I %'99 %'1V1 14 0 I1 ft9 K
d. Reidies for Sout D:r i* 49qILI 1.a 1sor01  IALn 49i1 .

16. Divide average count rate in step 15.a by source A calibrated

activity: I ,QOS

17. Divide average count rate in step 15.b by source B calibrated

activity:_____

18. Divide average c=oit rate in step 15. c by source C calibrated

19. Divide average count rate in step 15.d by source D calibrated

activity: ,
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Alph~a Particle Attemhatmrs used with the AN/rM-6

000 0

00 0000

K-'* -T U~) K--AT E UA

Figure 7

S... * * .0 0 0 0 0

.... 31



III. riNEARITY 

Response of the equipwnt shall be linear. Instrment readings
at any point within the upper eighty percent of the 0 to 1,000 CR4
range, and the uer ninety percent of all other ranges shall be
within ten percent (plus or minus) of the readings caused by a known
concentration of Plutonium.

B. &uird Eciuunnt:

1. ANIUCK-6 Radiac Calibrator.
2. AN/PM-77 Calibration Fixture.
3. Calibrated Attenuators K-1 and K-2.

C. Test Procedure

1. LOw RaM (0 to 1.000 CRM

a. Record the date, the serial M of the radiaaneter, the
alpha probe, the calibrator, the 10 CRM calibrator source, and
the calibrator's calibration date in the indicated spaceq on the
data sheet. Record the calibrated count rate for the 10,
calibrator source in the indicated space on the data sheet.
Place the calibrated AN/PM-77 in the total count mode, and set
the time interval to five minutes. With no source in the
fixture, place the probe in the calibration fixture, and take
five 5 minute backcrurx counts. Record them on the data sheet
(Step 1). Average the backjrourd counts and record the average
on the data sheet (Step 2).

b. Place the 103 CRM source from the AN/UEM-6 in the
calibration fixture, and take five 5 minute counts. Record each
5 minute count on Step 3 of the data sheet. Average the five
counts, and record this value on Step 4 of the data sheet.
Divide this by five, and record this value on Step 5 of the data
sheet.

c. Take the result of Step 5 of the data sheet and divide by the
calibrated activity of the source. Record this result on Step 6
of the data sheet.

d. Repeat step C.l.b above, using the K-1 Attenuator. Record the
results on steps 7, 8, and 9 of the data sheet.

e. Take the result of step 9 in the data sheet, divide by the
calibrated attenuated activity of the source, and record this
result on step 10 of the data sheet.

32



LINEARITY 7En (Continued)

f. Repeat step C. 1.b above, using the K-2 Attenuator. Record the
results on steps 11, 12, and 13 of the data sheet.

g. Take the result of step 13 on the data sheet, divide by the
calibrated attenuated activity of the surce, and record this
result on step 14 of the data sheet.

h. The results of steps 6, 10, and 14 on the data sheet shall not
be less than 0.90 or greater than 1.10. If all three ratios do
not fall within this range, the instrument has failed the test.

2 ic NM-U2 t 1§ CM

a. Record the date, the serial numbers of the radiacmeter, the
alpha probe, the calibrator, and each of the four calibrator
sources, and the calibrator'i calibration date in the indicated
spaces on the data sheet. Record the calibrated count rate for
each of the four calibrator sources in the indicated spaces on
the data sheet. Place the calibrated AN/PER-77 in the total
count mode, and set the time interval to five minutes.

b. Place the 104 CPM source from the AN/UEM-6 in the
calibration fixture, and take five 5 minute counts. Record each
5 minute count on step 1 of the data sheet. Average the five
counts, aid record this value on step 2 of the data sheet..
Divide this by five, and record this Value on step 3 of the data
sheet.

c. Take the result of step 3 and divide by the calibrated
activity of the source. Record this result on step 4 of the data
sheet.

d. Repeat steps C.2.b and C.2.c with the 105 source in the
calibration fixture. Record these values on steps 5 to 8 on the
data sheet.

e. Reset the counting interval to 48 seconds. Repeat steps C.2.b
and C.2.c with the 10 source in the calibration fixture.
Record these values on steps 9 and 10 of the data sheet. Take
the ratio of the average count to 890,818, and record this value
on step 11 of the data sheet.
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LMARIlY TT (Otimled)

f. Place the instnmnt in the ratemeter mode. Repeat steps
C.2.d and C.2.e. Record these values on the data sheet. (Steps
12a to 12f)

g. 7he results of steps C.2.c, C.2.d, and C.2.e shall not be less
than 0.90 or greater than 1.10. If all three ratios do rit fall
within this range, the instrunet has failed the test.

34
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.ype Test: (LO.W RANGE). ATE. .. O V C1 I

Alpa calibrator, AN'u+-6 S/N: A%\ 103

Calibratin date: ck Fee) 9(
Radiaawter SI:S Probe SIN:

Mode: Ratemeter_ Scaar Z._ Preset Time Interval (Mn): 50

Alpha Calibrated Attenuator Calibrated
Sonrce W- &ctvity(C I Number Attenuated Activity (cPM

.A" 51 317 K-3 _,_. __', I

_1A _ _ __ __ _ K-2 _ _ _ _ _ _

Test Dt

1. Fivesminutebacgrounximnts: ,- 7

2. Average background counts: I

3. Five 5 minute counts using the 103 CPM source:with the K-3

4. Average the readings: (. Y"

5. Divide the average reading by five: 13g.O

6. Divide the above result by the calibrated activity of the 103 Co

mource:

7. Five 5 minute couints using~ the 13CR4 source with the K-3

8. Average the readings: 'J,1 )- Subtract background: D ,)

9. Divide the average reading by five:________

10. Divide the above result by the calibrated attenuated activity of

the 103 CTMsource: .'
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T~ype Test: LINEARMIY (LOW RANGE) f(ntinued). DATE: 3 J2)EC 9
Prcbe SN

11. Five 5 minute counts using the 103 CPM source with the K-2

12. Average the readins: Subtract bacgrcar:I:

13. Divide the average reading by five: 14j3

14. Divide the above result by the calibrated attenuated activity of

the 103 cP souce: •
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Type Test: LUMARITY (HIGH RANGE) -E 3-0~OJ t

AlphIa Calibrator, AN/tD(-6 S/N: ~

Calibration~ date: "'I\-

Radian-wtar sIN 04~~ ProbeSIN:VW 9 (~~(~i

Alphia Calibrated Attmeator Calibrated
$curce SIN Activity(CRM Nmer Attenuated Activitv (CR

* ~ ~ ~ K-2 3~1

Mo~de: Patemeter__ Scalar ~ Preset. Tim Intierval (Mini):

5 . ..

2. Average 5 minute count using the 1O CM source:_______

3. Average 5 minute count using the 104 CPM source, divided by

five: \\.L V

4. Above result divided by the calibrated activity of the 104 CPM

source:_ __

5. Five 5 minute counts using the 10 5 CPM source: (,tI . , ILL , k,0 . ,1 k

6. Average 5 minute count using the 10 cpm source: Lto. (

7. Average 5 minute count using the 10 5 CR4 source, divided by

five: )I-.I Y( CPPA

8. Above result divided by the calibrated activity of the 10 5 CPM

source:__,___
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Ty'pe Test: LfINEARM'Y (HIGH RANM) (Continued)~ Dm:

Probe SIN:__\A-\_

9. Five 48 secn cots using the 1o6 CM source:'~ . \'

10. Average 48 sec count using the 106 CF4 sorce:_ .

11. Above result divided by the calibrated count of 890,818

12. Place the instrument in the ratemeter mode.

A. Take five count rate readings using the 105 CPM sorce with

no attenuator: ' ) . 1A. '\4 \' , Y\-

B. Average the readings: lkV

C. Divide the above result by the calibrated activity of the

source:_,___

D. Take five count rate readings using the 106 CPM source

with the K-2 (.380) attermtor: 1t. , .31

E. Average the readi s: 3 .

F. Divide the above result by the calibrated attenuated

activity of the 106 CRM source with attenuator

K-2: ).Qo
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Type Test:- MYT (LOW RNGE DA :IL

Alph~a Calibrator, ANAD(-6 SIN:. 3~2...

Calibration date: 2j

FadiJacmeter SIN: S 91V % a Probe I:A-

Made: Ratmfter__ ScalaZ X Preset Tim, Interval Mn):

Alpha Calibrated Attemator Calibrated
Source S. Activity(CRM Number Attenuated Activity (CRF

-A __ ___ __ K-1 ___ ___ ____%

IA____ K-2 I 46

1. Five 5 minutebackgruund counts: .1 ., .,

2. Average background couts: .0

3. Five 5 minute conmts using the 103 c sourc: . , ,

4. Average the reading~s: (Ga%1 k
5. Divide the average reading by five: 131'p) M

6. Divide the above result by the calibrated activity of the 103 CPM

7. Five 5 minute counts using the 103 CRM source with the K-i

attenuator: .v' .

8. Average the readings:____ Subtract backgrund:______ILI

9. Divide the average reading by five: e .- (T h-,t
10. Divide the above result by the calibrated attenuated activity of

the 10 CR4 source:______
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Type Test: LTNEUMM (LOWJ BMZ (Qxitinuecl. [Dam:~ 4 00

ProbeSI: A I

11. Five 5 minte counts using the 103 C orce with the K-2

12. Average the readings:_____ Subtract bac~xjouc-d:_0! V K

13. Divide the average reading by five: 1410 SfM

14. Divide the abome result by the calibrated attemlated activity of

the 103 C4 so: urce
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Alpha Calibrator, ANs-6/: 

calibration date:f o

Raiaarzter S/N:&M A I OIL Prbe SN

Alpha Calibrated Attenuator Calibrated
Source S/N Activity(CM Nurber Attenuated Activity (CPM

jD"~" K-2__ _ _ _ _ _ _

Mokde:* Ratemeter_ scaarKL Preset Time Interval (Mini): ,

2. Average 5 minute count using the 104 C4 source: "A

3. Average 5 minute count using the 104 CEM source, divided by

five: I -. ~ b(

4. Above result divided by the calibrated activity of the 104 CpM

source: 1 ,o

5. Five 5 minute conts using the 1o CR scure: ,oV k, O

6. Average 5 minute count using the 105 CR4 source: LIL

7. Avemage 5 minute count using the 10 5 CR4 source, divided by

five: 1)4.1 r-%O

8. Above result divided by the calibrated activity of the 105 CR4

s rce:____
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Type Test: L~~rY(HT-G RANGE) (Contined). L D : ~3w~ C
Prob~e SIN:

9. Five 48 secnd conts usin the 106 C so.rceAq 3 VI.

10. Average 48 secxornxd it using the 106 aCmsorce; 733.1__ -
11. Above result divided by the calibrated comt of

890,818: ,q -3 ,
12. Place the instrmnt in the ratemeter mode.

A. Take five count rate readings using the "105 CPM source

with no attexuator:Wly, ,V \y, M\t . cW

B. Average theradings: \VI Y M

C. Divide the above result by the calibrated activity of the

D. Take five cout rate readings using the 106 CPM source

with the K-2 attenuator:3 ,V- 313 , 30 . 3t. -

E. Average the readings~~

F. Divide the above result by the calibrated attenuated

activity of the 106 CRM source with attenuator

K-2:4

42



IV. E2W ErIcTIO 'ES4 DL TET

A Citera

The alrkia energy threshold for detection shall be 3 MeV or less
at the surface of the proe. The equiment shall be sensitive to
alpha particles of all energies above this threshold.

B. Reoauired Emuinment:

1. AN/UM-6 Radiac Calibrator.
2. AN/PR-77 Calibration Fixture.
3. Threshold Energy Detection Fixture. (See figure 8)
4. Calibrated Baromter.

C. Tes r

1. Recrd the date, the serial juiers of the radiacneter, the alpha
probe, the calibrator, each of the four calibrator sources, the
calibrator's calibration date, and the baromtric pressure in the
indicated spaces on the data sheet.

2. Place the 10 3 CPM source from the AN/UD(-6 in the calibration
fixture. Place the calibrated AN/POR-77 in the count rate mode. Turn
on the Radiaaieter, and place the alarm switch in the "chirp"
position.

3. Place the alpa probe on its side in the calibrated energy
detection threshold fixtur, so that the segment #5 of the probe face
is directed towards the 10" CPM source. Slowly move the alpha
source toward the probe, using the calibrated distance measuring gauge
which is part of the fixture. (See figure 8)

4. Listen for the first "chirp" sourds indicating that the source has
reached the distance frum the probe face that allows only the most
energetic alpa particles (5.1 MeV) to be detected. Record this
distance on the data sheet. Repeat steps 3 and 4 for all the
remaining segments, and record the results on the data sheet.

5. Using the enclosed graph of alpha particle residual energy as a
function of air thickness, determine the residual energy for the
distance measured in step 4 above. (See figure 9)

6. This residual energy is the minimum detectable energy threshold of
the probe. Record this value on the data sheet.

7. If this energy level is not less than or equal to 3 MeV, the
instrument has failed the test.
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Type Test: ENEGY W E D.MM

Alpha Calibrator, AN/UM-6 SIN:

Calibration date: oiee 9s)
Radiac-mmteor S/N:SBACK 1.b Probe SIN:

Ba-cmetric Pressure: I v keS
Madle: RatemterX Scalar__ Preset Time Interval (Min):

AlphaIS/ Calibrated I  Attenuator Cal ibrated
SourciSIN CtX&( Nmzber Attenuated Activity (CM

1. Distance at which crdxping first begins: .(Se ei #5)

2. Residual Alpha Energy (eV) for above distance, utilizing figure 9:

2 651 1-1 Mey (Segnent #5)

3. hqW Distance (indi1es) Residual EnerM (May)

1 -1q __ _ _ _ _

2

3

4 __9<35 __ ___ ___ _

6 ,_ _ _ _ _ ._ _ _ _ _ _

7 I O

8 __ _3 _ _ __ __ _ __ _

9

Average Energy: Je
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T ,ypeTest: ENRG , :RESHDW.D:_____q

Alpha Calibrator, ^MK-6 SIN: AtO 3
Calibration date: Ok! 6%, ('I'

Radiacmater S/MN:tA1MM0 Probe SIN: ~-

c mtriPressure:

Mode: Ratemter_ Scalar__ Preset Tim Interval (Min):

Alh Icaibrrata. Atewator Calibrate
Sorc 2N Activitv CM _NMmber Attermat Activity (CM

1. Distance at which dirping first begins: 1,0 6 _ (Segment #5)

2. Resicual Alpha Energy (MV) for above distance, utilizing figure 9:

A6 1eV (Segment #5)

3. se aeb istance (inches) Residual Enerav aeV)

7. 47 n ,3c)

, ,ot 7 6. q,7

Averag 9ry ) 1eV

45



ALPHA PROBE
-DETECTOR 1:OL L J1AIOR

ALPH4A PROBE U29 PATCALb TE

WOOD
PROBE
SUPPORT ONN
N4AIL SCESWOOD SCREW

WOODEN PLATFORM

Figure 8

Threshold W Enx e tecticn Fixture
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5

4 ,

3 . Ili

2'
LQ,

0 . b .1.6

THICKNESS OF AIR (INCHES)

VII-239 ALPHA PARTICLE WES)IIJIAL ENERhY AFTER LOSS THRU A SPECIFIC THICKNESS OF AIR AT STP

Figure 9

Alpha Particle Residuial &wxgy -pU
2 3 9
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V. GAMMA M TEST

Te equipment's ability to detect alpha radiation shall not be
significantly affected by other forms of ionizing radiation. The
gamma response of the the instrument shall not exceed 25 CR4 per mR/hr
of gamma radiation at the location of the instnmu nt, for a gamma
field of up to 1 R/hr resulting frum fissioned nuclear weapons
material (gamma energies a imted by Cesium 137). 7he
instrument's response to gamma radiation mist not exceed 25,000 CPM.

B. R&,irSd Eouimxent:

1. AN/U4-6 Radi Calibrator.
2. Calibrated Cs ' source with calibrated range.

C. Test Procedure - Gamma Sensitivity

1. Record the lte, the serial numbers of the radiacmeter, the alpha
probe, the Cs 1 ' calibrator, the calibrated activity of the l0 s

CRM source, and the calibrator's calibration date in the indicated
spaces on the data sheet.

2. With the Cs 1 3 7 calibrator aperture closed, determine the distance
down the range where the gamma dose rate is 1 R/hr. Put the
caibrated AN/PDR-77 in the count rate mode, turn it on, and tape the
10 CRM source to the probe face. Place the probe at this location,
with the face t 9 ed towards the calibrator. Record the o.unt rate
with the the Cs, calibrator aperture shut on the data sheet.

3. Retire to a safe position and open the calibrator aperture.
Observe the count rate shown on the radiacmeter display, and record
this value on the data sheet.

4. If the observed count rate is greater than 25,000 CPM, the
instrument has failed the test.

5. Close the Cs 1 3 7 calibrator aperture and retrieve the calibrated
ANI m4-77.
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D. Test Procedure - Gama Dose Rate erdez

1. Place the AVPCR-77 into the count rate mode. Mount the pre
securely on a moveable platform on a calibrated track in front of a
Cs-137 calibrated gamma source. 7he calibrator aperture is initially
shut.

2. Turn the AN/PER-77 on, and locate the moveable platform at a point
where the gamma dose rate will be 41 R/hr. Measure the distane frum
the source to the detector face.

3. Carefully tape the calibrated 103 alpha source from the AN/UEK-6
to segment #2 of the detector face. Record the count rate on the data
sheet.

4. Open the gamma source aperture, and record the observed ocunt rate,
as displayed on the radiacmeter, on the data sheet. Close the gamma
source aperture.

5. Move the platform with the AN/PDR-77 to a new position closer to
the gamma source, and repeat steps 4 and 5, until the count rate falls
to 100 CRM or less.

6. Plot the recorded data on a graph. (See figure 10)
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DATASEE

Type Test: GAM R1SIME D~ATE: ao a J~
Ganua Calibrator, Type andSSN: 9IUOMI%), (2&i C - 30, SAJ CS -O

Calibrationi date: 4J bec 90
diac r S/N:% AIOI Prc SN: 'A-1

Mo4de: Ratmtez _V Scalar__ Preset Tim Interval (Min):

A. Tst Data - Gama Sensitivity

1. C 1 3 7 gamma dose rate: 0, 0 /hr.

2. Cbserved Count rate (with calibrator closed): 13 40 CM

3. Observed count rate (with calibrator Cpen): 13 q4O CPM

4. Inrease in coint rate due to 1 P/hr gama: 0 CR4

B. Test Data - Gamma Dose Rate Dependence

Point # Dose Rate (R/hr Distance (c) Count Rate (CPM)

1 0 201% ) ~ID- K

2 -_ __ _ Zc1 )III K.

3 _.___o 7-o
4 __ _ __ _110 - -)

5 IGO 6 0

6 _ .4 _ _o L_ "___o

7 _ ,___ 130 34,5
8 __ __ __J 0 3_o.__
9 i IO _70

10 _ __ Go__ O 5Gm

12

13
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Ty'pe Test:_OM ROSME. DATE:3 *~

Gama Calibrator, Type an S/I: 40 uolh- I. Ct- )31 St) (- OI

Calibration date: H A2I01

Radi ammete S:~M Prbe SN:___

Mode: Ratemater' Scalar_ Preset Tim Interval (Min)):

A. Test Data - Gaa Seritivt

1. CS3 7 gamma dose rate: jaOO R -hr.

2. Cbserved count rate (with calibrator closed): I,(0 K. Cq

3. Observed count rate (with calibrator open): . CM(

4. Increase in count rate due to 1 R/hr gamma: 0

B. Tst Dta- Gam Dose Rate De~rde(NOT ~V3QDr t)
Point Dose Rate (R./br) Ditne c- Counxt Rate (CR4)

1

2

3_

sT NioT Co 0N TE V
5

6

7

8

9

10

11

12

13
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1100-

1000

goo
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VI. BATTRMY IFE TE T

7he equipment shall operate as specified for at least fifty hours
per set of batteries, including four hours intermittent operation of
the internal illumination of the radiacmater display. Changing of the
batteries shall not require recalibratin of the equipment. It should
be possible to change batteries using only a screwdriver.

B. Reuired Eui~ant

1. AN/UM-6 Radiac Calibrator.
2. AN/PMR-77 Calibration Fixture.
3. Six (6) BA-3090/U nine volt ncnrechargeable batteries.
4. Screwdriver.

C. Test Procedure.

1. Battery Life.

(a) Record the date, the serial numbers of the radiaaieter, the
alpha r , the AN/UM-6 calibrator, the calibrated activity of
the 10 CRM source from the AN/UIM-6, and the calibrator's
calibration date in the indicated spaces on the data sheet.

(b) Turn the calibrated AN/PM1-77 on, place it in the ratieter
mode, and turn the display illumination on. Place the 10 CPM
source from the AN/UEM-6 in the calibration fixture.

(c) Place the AN/PER-77 in the calibration fixture, and record
the time and the count rate on the data sheet.

(d) Allow the unit to operate with the light on for four hours.
At the end of four hours, record the count rate on the data
sheet, turn off the display illumination, and allow the unit to
continue operating.

(e) Continue to monitor the unit periodically, recording the
time, count rate, and battery voltage, noting the appearance of
the flashing arrow display, indicating low batteries.

(f) Continue to monitor the unit periodically, until normal
operation ceases. Record this time on the data sheet.

(g) If the total elapsed time fran step c.l(b) to step c.l(f) is
less than fifty hours, the unit has failed the test.
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BaTM LTFE MST (Continued)

2. Effect on Calibration.

a. Turn the unit off, and open the battery box at the rear of the
radiacmeter casing. Remove the batteries inside, and replace
with three fresh batteries. Repeat the calibration predure
done earlier to verify that the unit is still calibrated. If the
new slide switch settings calculated are different frcm those
calculated earlier, the unit has failed the test.
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Type Test: BATTEfRY LIFE. DAE:XbCI

Ap1a aibrato, AN/um4-6 sIN:_______

Calibratim date:_____

:Fliaczm te SN:S~ A Probe SN:___

Alpha Calibrated Attenuator Calibrated
SA&vit CM Number Attenuated Activity (CR

AV I SS: V31t (a____

B

Ykxde: Ratueter_ Scalar__ Preset Time Interval (Min):

1. Battery Life.

a. Initial Tim: I Initial Ount Rate: IC3 k

b. RPaord periodic monitoring time and Count rates belw. Use a
separate sheet if necessary.

TMUNT RATE (CR4) BAT=ER VOLTAGE

so I3 X 9 V

___ __ _ 1 K , v

________1/0 x ~ ~

c. Time at which radiacter iricates low battery (flashing

arrw). HRS Sr k H4 ON) 5 Wo)S
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T~ype Test: CAIRAC EFFEEcn P<ot

Prcbe SN

a. R e depleted batteries (che-k)

b. Rpeat calibration procedure (check)

c. Compare results of switch position calculation with those on
original calibration data sheet:

original settirxs for switches H and, J. H:..i J:

clat settings for switches H and J. H:JL J:.__

If the results differ between- the two calibrations, the unit has
failed the test.
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Alph~a Calibrator, AN/UD-6 SN:_ ___

Calibratcm date: q FrS ;4

a aet er s N %IA I3 Probe SIN:

Alpha Calibrated Attenuator calibrated

Soxc-a &&tyityI( Number Attenuated Activity (CM4
A

ID

Mode: ]Ratemeter X Scalar_ Preset Tim Interval (Min):

1. Battery Ife. 7III
a. Initial Time: I3: Li Initial Count Rate: I).' K CPM

b. Record periodic monrtorig time and count rates belw. Use a
separate sheet if necessary.

TCCU RATE (CPK) BATIEMY VOE

0 - U. K9

3_ __ _ 11.9 4 _ __ _

_____.,~o g. _ ,

_______I 0A1 IL

c. Time at which radia indicates lw battery (flashing

arrow)
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Type Test: CUAIOcf EFFTECr.

Probe SN

a. Rmwve depleted batteries (deck)

b. Repeat calibration procedure (duck) -

c. Compare results of switx position calculation with those on
original calibration data sheet:

Original settings for switches H and J. H:___ J:

Calilaedsettings for switches H and J. H: J :

If the results differ between the two calibrations, the unit has
failed the test.
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VII. FESIOE TIME TEST

lhe egApment shall be capable of operating with the required
accuracy within two minutes after being turned on following a period
of inactivity of at least 60 minutes.

B. Reauired Emuipment.

1. AN/ (-6 Radiac Calibrator.
2. AN/PDR-77 Calibration Fixture.

C. Test Procedure.

1. Record the date, the serial numbezs of the ,the a
prc~etheAAEM-6 calibrator, the calibrated activity of the 10

CRM surce from the AN/UEN-6, and the calibrator's calibration date in
the irdicated spaces on the data sheet.

2. Turn the calibrated AN/PDR-77 on ard place it in the ratemeter
mode. Place the 10 C4 sorce from the AN/UD-6 in the calibration
fixture.

3. Place the probe into the calibration fixture, and record the count
rate on the data sheet (Step J). It should be within ±10% of the
calibrated activity of the 10. CR4 source fram the AN/UEM-6. Record
the percentage differenc on the data sheet. (Step 2)

4. Turn off the unit, and reve the probe form the fixture. Record
the time at which this is done on the data sheet. (Step 3)

5. Wait at least sixty minutes. Record the time, on the data sheet
(Step 4), place the probe in the calibrator, and turn the unit on.
Wait a further two minutes, and record the count rate as displayed on
the radia e on the data sheet (Step 5).

6. If the dose recorded in stp C.5 above is not within ±10% of the
calibrated activity of the 10 CRM source from the AN/UtM-6, -the
instrument has failed the test.
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Type Test: BO~ge Tie, DTE: .~dJ qJ

Alpha calibrator, AN/UD(-6 s/N: 'A 0 -
Calibration date: 0%Tb 1ii

R PSN.-_L11 3 Prb N

Alpha Calibrated Attenuator Calibrated
source S/ZN Activity(CRO N-kber Attenuated Activity (CR()

B

[D

Moe: RatereteKr Scalar__ Preset Tim Interval (Min):

Testa

1. Initial cont rate readirq: %C \~ R

2. Percentage difference between initial count rate reading and

calibrated count rate of source: - \

3. Tim unitisturned off:

4. Tim unit is turn-ad on:____

5. Sem- count rate readin: I k

6. Percentage difference between second count rate reading and

calibrated count rate of source:
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Type Test: Tim. DAM:-

Alph~a Calibrator, AN/UrH-6 SINt: 0 3

Calibrationi date : a J~

Radiacae SN~~ Probe SIN:_ __

Alpha Calibrated AttenCator calibrated
source S& J tiviv(CPM NumbIer Attenuated Activity (CR

A

B

D

Mod: Ratmuter "(Scalar_ Preset Tim Interval (Min):

1. Initial count -rate reading:

2. Percentage difference between initial count rate reading and

calibrated cut rate of : sour3e:

3. Tim unit is turnd off:

4. T unit is ued on: _ ,_o_

5. Seod count rate reading: \ - Csm

6. Percentage difference between seonrd ount rate reading and

calibrated cont rate of source: -_._\_\
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VIII. SIEABILI TESTr

e equipment shall be zero stable, and shall riot drift beyond
the specified accuracy over the battery operatin life. Replacement
of the batteries shall restore the reading to the limits allord under
the criteria for reproducibility, with recalibration.

a. Baiid Ecuirinent.

1. AN^/L-6 Padiac Calibrator.
2. AN/PIR-77 Calibration Fixture.

C. Test Propeure.

1. Stability.

1. Utilize the count rate data from the Battery Test Procedure to
verify that the criteria has been wet.

2. Calibration.

1. Utilize the data taken during the calibration check performed
following the Battery Life Test to verify that the criteria has
been met.
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Type Test:~ Nei___

Alpha Oklibrator, AN/ -6 S/N:___

Calibratki date: OtI~b\z
Rairmto /:M %AC' Probe SN:___

1. Stability: count rate readings stayed witI specified acuracy

limits &ring battery life test (chck)

2. Calibration: Battery replaoiuen restore readings to specified

accuracy (heck) _
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Type Test:IL TAjI=9 3
Alphla Calibrator, AN/Ut14-6 SIN: O

calibrationi date:\3C

Radiaeter I SIN:S Probe SIN:

Test Dt

1. Stability: count rate readings stayed with'ecified accuracy

limits during battery life test (cheak)

2. Calibration: Battle replacenent restore readings to specified

accracy (check)
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IX. ITGHr LEAK TEST

A.itria:

The Alpha Probe shall have no light leaks.

B. Reauired Euuimnt:

1. AN/ULM-6 Radiac Caibrator.
2. Opaque black cloth.

C. Test Procure.

1. Record the date, the serial numbers of the radiac ter,he al
probe, the ANAD(-6 calibrator, the calibrated activity of the 10
CRM source frcu the AN/UN-6, and the calibrator's calibration date in
the indicated spaces on the data sheet.

2. Turn on the AN/PCR-77, and place it in the count rqte mode. Place
the probe face up on a stable surface. Remove the 10 CRM source
from the AN/UM-6 bracket, and place it (face down) qn one of the
probe face's corner segments. Record the count rate on the data
sheet.

3. Place the black cloth over the entire probe, making sure that no
light can get in around the edges. Record the count rate on the data
sheet.

4. Repeat steps 2 and 3 after placing the 103 CPM source on a
diagonal corner segment. Record the count rate on the data sheet.

5. A substantial increase in the count rate indicates a light leak in
the probe. If the covered and uncovered count rates differ by more
than ±10%, the probe has failed the test.
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Type Test: Li=zh Leak mms. : 11 9,c
Alpha Calibrator, AN/ua+-6 S/N: IOC_3

Calibratin date: > Fe RO

:adiacmeter S qNr'*- re S/N: (N:
Alpha Calibrated Attenuator Calibrated

Source SIN Activit(CM. Number Attenuated Activity (CPM)

Node: Rate )eter( Scalar__ Preset Time Interval (Min):

Test Dt

1. Uncovered ouant rate reading:, (\0 Y- CR4 M~ bV

2. Covered count rate readin: 1.43A Cq c s cwmeT #1

3. Percentage difference between uncovered and covered count rate

4. Uncvered count rate reading (diagonal sement): , . 3 c

5. Covered count rate reading (diagonal segment): 6 W '< CPR

6. Percentage difference between uncovered arid covered count rate

S readins: %
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Type Test: LiztLeak-Test, MMT:_ __

Alpba caibrator, AN/ED(-6 SN:_ ___

calibrationi date: I\ Feb Of

Rad atr sIN:s 4 I Prbe SN:___

Alpa I Calibrated Atteuator Calibrated
SWurce S/NIActivity(C3 Number Attenuated Activity (CRC

Mode: Pateiter ( Scalar__ Preset Time Interval (Min):

1. Uncovred couint rate reading: \0' _-_P1

2. Covered count rate reading: I%.

3. Percentage difference between uncovered and covered cont rate

readints: 0

4. Unco~vered count rate reading (diagonal segment):_ CR4

5. Covered count rate reading (diagonal segment): CM

6. Percentage difference between uncovered and covered coant rate

readins:
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X. HIGH TEMPENUU TEST (600C)i.

The instrment shall be capable of cperating with the required
accracy (±10% from 200 CR4 to 999 KC4) in climatic categories 1
throg 6 in AR 70-38.

B. Pauired Eguigmont:

1. AN/UM-6 Radiac Calibrator.
2. AN/PCR-77 Calibration Fixture.
3. Calibrated Ervirorzmental Camrber.

C. Mast Procedure.

1. Record the date, the serial numbers of the radiacrter, the al ha
probe, the AN/UEM-6 calibrator, the calibrated activity of the 10
CRM source fr, the AN/VUI-6, and the calibrator's calibration date in
the indicated spaces on the data sheet. Record the model, serial
number, and calibratin date of the environmntal damiber in the
indicated spaces on the data sheet.

2. Place the alpha probe inside th environmental chamber along with
the calibration fixture and the 10 CPM source from the AN/UED-6.
The radiaaneter is left outside, with the coil cord run through one of
the access ports in the chamkber wall.

3. Connect the probe to the radiacueter using the access port in the
wall of the chamber. Turn the AN/PDR-77 on, and place it in the count
rate mode. Record the count rate at ambient temperature in the
indicated space on the data sheet.

4. Set the chamber controls for 60*C and turn the chamber on. Record
the time in the indicated space on the data sheet.

5. After at least two hours at 60°C, and at intervals thereafter,
record the time, temperature, and count rate in the indicated spaces
on the data sheet.

6. If the difference between the first and last count rate readings is
greater than ±10%, the probe has failed the test.
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Tuype Test: uNlmiv tCr N (6*Cl. Mt : 0 1

Alpha Calibrator, AN/LM-6SI:

Calibration date: 0% VE4% V%

tS/N:,\VA 33vk i Prbe SN:__

ChambJer odel:______

Alpha Calibrated Attenuator Calibrated

B Y%

Mode: RateeterX Scalar__ Preset Time Interval (Min):

Test Dt

Time Count Rate Tencerature (GC

O13-7  (Ambi ( ent)

s O\0W1.o (oo°
2(too

7

1. Percentage differexe between initial and final count rate

readiris:_-_3_#__
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DATA SHEM

Moype Test: High a T erature (600C). DTE: ale 0nt a (

Alpha Calibrator, AN/UU(-6 SIN: At 0

Calibration date: 1 q

Time_ Pr±e S/N:_____

Chamber Model:_____Q__

Alpha Calibrated Attenuator Calibrated

sore(M Numbter Attemuated Activity (CMY~

Mode: RatwterX Scalar__ Preset Time Interval (Min):____

TmCouant Rate Towueratumre C)

2 i3 K 40

4 
0

6

7

1. Percentage differenoe between initial and final count rate

read :70
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)a. am-,R Am RE SRE TEST

7he sensitivity of the probe shall be uniform across the face of
the detector.

B. Bada Eauirmet:
1. AN/U[H-6 Radiac Calibrator.

2. Opaque Black Cloth.

C. Test Procedure - Averae Accuracy er Area S=nt

1. Record the date, the serial numbers of the ri-rter, the ala
probe, the AN/UM-6 calibrator, the calibrated activity of the 10
CRM source from the AN/JUI-6, and the calibrator's calibration date in
the indicated spaces on the data sheet.

2. Place the alpha probe face up on a stabl surface with the handle
pointed towards the operator. Place the 10 CRM source from the
AN/UEM-6 (face down) on segment 1 of the probe face. (See figure 5a)

3. Turn the AN/PER-77 on, and place it in the cunt rate mode. Wait
at least turo minutes, and record the count rate in the indicated space
on the data sheet. If a light leak is present, use the black cloth.

4. Repeat steps 2 and 3 for the remaining eight segments of the probe
face, and record the count rate for each one in the indicated space on
the data sheet.

5. Divide re count rate for each segment by that of the count rate
for the 10 CPM calibration source, and record each ratio in the
indicated space on the data sheet.

6. Average the nine ratios calculated in step 5. This average
constitutes the average accuracy of each of the nine segments of the
probe face, and the accuracy of the probe when used in a large area
contamination field.
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D. Test Procedure - Uniformity in Detection of Detector Face Area.

1. Collimate the 106 CFM calibration source using a hole
aFmroxr-ately i inch in diameter.

2. Place the Alpha Probe face up on a flat, level surface.

3. Turn on the AN/PER-77, and place it in the count rate mode.

4. Place the collimated source at the locations shown in figure 12.
Cover the probe with the black cloth. Record the count rate for each
location on the data sheet.

5. Normalize the detected count rates at the various locations to the
count rate measured at the center of segnent #5. Record these ratios
on the data sheet.

6. Graphically indicate the calculated ratio at the measured locations
on the probe face area on figures 13 and 13a.
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Ty'pe Test: Detector Area BRM,~r MM1: DC 91
Alga calibrator, lyuu.i- sIN: A1003
(Q1ibration date: 1\ F 9, Oz
RadjatSIN: %9i qu Pro.eS/V: A

Alpha Qalibrat-M Attenuator calibrated
SueIN tivitv(CRO Number Attenuated Acivitv (CM0B}

Node: Ratevater_X. Scalar__ Preset Time Interval (Min):

A. Test Data - Averace Accuracy Rer Sewment Area

1. count Rates by segment:

ount Rate (CM0 m~ Count Rate. (C=0I
+..~ 11.-) i,- I+I,-

3 t..IS K

5 6__.___. 13.I K

S\\.' _~ __ _ _ -__ _

2. count Rate ratios by segment:

S Count Rate Ratio Segment Count Rate Ratio

.2 1 1 a

4 _,_ _ _ _ _ __,.7 6

7 _ _ _ _ _ _8_ _ _ _ _ _

3. Addi all ount rate ratios and divide by nine:_ _______
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Ty~pe Test: AMe e~ Prcbe SIN: DATE:

B. Test Data - Uniformity of tectiMo or! the Pace Area.

ocatic Comt Rate (CR:1 p . Normalized to location #12.

1 ____0 __1__q

2 311 3 ,193
3 _ _ _ _ _ _ _ G_ _ _ _ _

4 6 , _ __ _ _ _ _ _ _ _ _

5 3,7 k c
6 3 (6 ) k __ __ __ __ _

.G i ,4O6"

9 q-144 /101
10 3 ,_ 77
11 *3%,4 J_ _ _ _ _ _ _ _

12 43 ,q K/_1,00
13 L 3/1- K ____ _ __ __ __ _

14 3O - k6 __ _ _ __ _ _ _

15 4 ___ _ _ _ _ _

16 31 1 __ __ _ __ _

17 3 '77___ _ _ __ _ _

18 _ _ _ _ _ _ _ _ _ _ _ _ _

19 cl 9 9 Y._ _ __ _ _ __ _ _

20 3__ __74

21 x__ _ _ _ _ _ _ _ _ _ _
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Type Test: Detector a-e c OMc DAM , Area

A12 Caibrator, AN/Uy-6 S/N:

Cal.ibrationi date: Q\ 'FES nic

Alha Clirte ttenuator Calibrated
.Suc SI iy(YIM Nmter Attenuiated Activity (CR0

Mokde: RatemeterX.L Scalar__ Preset Time Interval (Min):

A. Test Data - Averae A~xizrac per gggmgntar

I Se 1 Count Rate (CRt Sement Count Rate (CR)

,Thfl'7 ,AP ,9
3n 4 ,G

2. Count Rate ratios by segennt:

= Count Rate Ratio 7 Count Rate Ratio

Wf~7 2 9%3__ __

_ _ _ _ _ _ 4 _ _ _ _ _

511 6 ____ ___

7 16II 8

3. Add all count rate ratios arxi divide by nine: 0. ' 3
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Type Test: Area BegpAMNs. Probe S/N: DA1TE: E.
B. Test Data - Uniformity of Detection over the Face Area.

Location Count Rate (CRE Ratio Normalized to location #12.

1 __ _._ _ K ,A00%

2 J. so _ ,_ cll

3 T(I,1 k ,'_ _ _ _

4 I1"7, k ,___ __ __ _

5 30.3 K ,ic
6 L .o K ,-19
7 ,o K ,1 __

8 ___ _. k 191
9 '0.1 tK __ __ __ __ __

10. L4O . 1,13
11 1YS I1 -7
13 , (, q 1

14 31.,> K ,cGI-7

15 k__ _ _ _ _ _ _

16 1!01
17 30cO__ _ __ _ _ _ _ _

18 l , ___ _ _ __ _ _ _

19 0 7 _ _ _ __ _ _ _ _

20 4iKSI
21 3__,_ __ __,__ __
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SN AP094001 (A-i)

11.20K 12.70K 1.0

13.50K 15.30K 13.10K

11. 90K 
12.70K 

11.70

Masurd Caunt, Rate for each se~nent area usirq
calibrated AN/104-6 Souirce P-1482 (11799 CPM)

Figure 11

Ckntetor Seqment Area C..-ut Rate (Probe A-1)
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SN AP094003 (A-2)

7.87K 
11.60K 

8.31K

11. 40K 138K11.70K

U6.97K 0.60K I 6.50K)

Figure lia

etector Segment Area Count Pate (Probe A-2)
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Prototype Probe Face Sents
with Cunt Rate ueasurensit locations

oD 0

00

Locationis of me~asurements made with collimnated
AN/UE!4-6 Alphia Source P-2372 (1,113,522 CFM)

to determine uniformity of detection

Figure 12

Detector Uniformity Measurement Locations
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SN AP094001 (A-i)

.614 .733 .616 .541

.749 .838 .605

.731 1.01 .836

1 . 00

• 877 .986 .690

.605 .849 .776

.559
•591 .685 .591

Uniformity of Detection
Measured Count Rate at specific locations, normalized to

measured Comnt Rate at the center of the detector face area

Figure 13

Normalized Detector Uniformity Measurement (Probe A-1)
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SN AP094003 (A-2)

.608 .791 .782

.959 .791 .760

.791 .975 1 .33

1.0

1 .17 1.41 .987

.636 1.01 .953

.567 .84-5 .3

Uniformity of Detection
Measured Count Rate at specific locations, normalized to

measured Count Rate at the center of the detector face area

Figure 13a

Normalized Detector Uniformity Measurement (Probe A-2)
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X1I. LOW VOTAGE EFFEC' T

A. Criteria:

There is no explicit requirement for this test; however it is
important to kw the voltage level at which the read-wn becoes
erratic.

B. Eauired Eauinent:

1. AN/Ua+-6 Radiac Calibrator.
2. AN/PEM-77 Calibration Fixture.
3. Calibrated DC Power Supply.

C. Test Redure.

1. Record the date, the serial numbers of the radiacIeter, the alea
probe, the AN/UEM-6 calibrator, the calibrated activity of the 10
CRM source fro, the AN/UI(-6, and the calibrator's calibration date in
the indicated spaces on the data sheet. Record the model, serial
number, and calibration date of the power supply in the indicated
spaces on the data sheet.

2. Remove the batteries from the AN/P!R-77, and connect the power
supply directly to the terminals inside the battery enclosure.

3. Set the power supply for 9 VDC, ar turn it on. Turn the AN/PIR-77
on, and place it in the count rate mode.

4. Place the probe face up on a stable surface. Place the 1o4 CRM
source from the AN/UEM-2 face down on segment five of the probe face.
Wait at least two minutes and record the count rate in the indicated
space on the data sheet.

5. Lower the voltage 0.5 volts.. Wait at least two minutes and record
the count rate in the indicated space on the data sheet.

6. Repeat step 5 until the arrow on the display begins to flash.
Record the count rate in the indicated space on the data sheet.

7. Continue with step 5 until the display becomes erratic.
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Alpa Calibrator, A/NAM-6 SIN: A\

Calibration date:A~~b 9

Radia=meter S/N:%M4 41 o3 Probe SI'N:_ __

Power Supply Model: Power Supply S/N:

Power Supply Calibration date:

Alpha Calibrated Attenuator CalibratedSone SN Ativty(PM)Attenuated Activity (CM4

Mode: Ratemete_)r Scalar__ Preset Time Interval (Mn):

Test Dt

Voltage. Count Rate (CRM) Voltage Count Rate (CR4)

9.0 6.0 __ .____-

8.. k 5.5 3_._ ,,

8.0 I 5.0

7.5 4.5 iQA IC

7.0 4.0

6.5 _A 3.5

1. Voltage and count rate at which initial low voltage indication
(flashing arrow) ap,7  on display:

2. Voltage and c~unt rate at which display becmnes erratic:

4. 0,
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DATASET

Type Test: Low Volta Effect. WE: 931be(
Alphia Calibrator, AN/UU+M-6 SIN: RI0
Calibration date: ) E S 9 Q

Raiaa er S/N:SMM4V0\ - Proe SIN:__--

Power Supply Model: Power Supply S/N:

Power Supply Calibration date:

Alpha Calibrated Attenuator Calibrated
Source SIN Activity(CP) Number Attenuated Activity (CPM)

-a?-\ kW I \ \~ ___\_ _________\_

Mode: Ratemeter X Scalar__ Preset Tim Interval (Min):

Test Dt

Voltage count Rate (CPM) Voltage Count Rate (CPM)

9 _0 \_ __ _6.0

8.5 5.5

8.0 5.0 C RAT

7.5 4.5

7.0 4.0

6.5 3.5

1. Voltage and count rate at which initial low voltage indication
(flashing arrow) appears on display:

2. Voltage and count rate at which display becaies erratic:
I\O, 0 K84
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XIII. SYSTM CUmR NRAIN T

There is no explicit requirement for this test; however it is
important to know the current drain for various operational modes of
the AN/PER-77.

B. Reauirad Eraiment:

1. AN/LMK-6 Radiac Clibrator.
2. AN/PDR-77 Calibration Fixture.
3. Calibrated Ampere Meter.
4. Three fresh BA-3090 Batteries

C. Test Procedure.

1. Record the date, the serial numbers of the radiacmeter, the alpha
probe, the AN/UEX-6 calibrator, the calibrated activity of all four
sources from the AN/UCM-6, and the calibrator's calibration date in
the indicated spaces on the data sheet. Record the model, serial
number, and calibration date of the anpere meter in the indicated
spaces on the data sheet.

2. Replace the batteries within the AN/PER-77 with the fresh
batteries. Turn the AN/PER-77 on, and place it in the count rate
mode.. Place the probe in the calibration fixture without an alpha
source. After at-least two'minutes, record the current and the count
rate on the data sheet.

3. Turn on the light and record the current on the data sheet. Turn
the light of f.

4. Place the 10 3 CPM source in the fixture, and replace the probe.
Record the current on the data sheet.

5. Turn the "Audio" switch to the "chirp" position. Record the
current on the data sheet.

6. Turn the "Audio" switch to the "alarm" position. Record the
current on the data sheet.

7. Remove the prod fram the test fixture, and replace the 10 3

source with the 10" source. Repeat steps 4, 5, and 6.

8. Remove the prct trau the test fixture, and replace the 10 5

source with the 10 source. Repeat steps 4, 5, and 6.

9. Turn on the light, and set the "Audio" switch to the "chirp"
position. Record the current on the data sheet.
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Ty~pe Test: Svsteak OQ1rent Drmni. b NC 

Alpha Calibrator, AN/UEM-6 S/N:________

Caliraton ate 1o5 fe sOv %-
RWaater S/NZM VIL41030 Probe SN:___

Ampere Meter Model: Ampere Meter S/N:

Alpha Calibrated Attenuator Calibrated
Source 9/N Act iitv(CM Number Attenuated Activity (CRM)

Mode: RatmeteK( Scalar__ Preset Time Interval (Min):

Test Dt

1. No Source, Light off.

Current:___ Cont Rate: Cm

2. No Source, Light on.

Current:_ ___

3. 103 CPM source.

C .rrent: IOiO 0 W .

4. 10 3 CR1 source, "chirp" on.

Current: \\-3 \1%A
5. 10 3 CRP sourc, "alarm" on.

Current: fl- ,
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Tiype Test: System OQrru Drain Mmtieated'2 91
Probe S

6. 105 CH4 source.

Cirret:________%

7. 105 CFM source, @$chirp" on.

8. 105 CM sxrce, "alarm" on.

Qa rent:___n_

9. 106 CiM source.

Q11rrert: \Q SWA
10. 10 6 CFM source, "1chirp" on.

Current:_______,%%%

II. 106 CPM source, "alarm" on.

Curent:_______*%'

12. 106 CPM source, light on, "dirp" on.

Qrnt:ii8
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Type Test: Sstw Current Drain. D 23 DEC 91
Alphia Calibrator, A/Ui)(-6 SIN: 1 Z

Calibration date: VFESO

Rad aaiwter SIN:MI12 Probe SI'N:

Aqpere Mater ftdel:______ Aupere Mter SIN:_____

Alpha Calibrated Attenuator Calibrated
&&M= ai it Attenuated Activity (CRM

______I 13-7 1_ _

Mode: Ratemter X Scalar__ Preset Time Interval (Min):

Test Dt

1. No Source, Light off.

Current:________V.A Count Rate: -JCP4
2. No Source, Light on.

Current: Z I\M

3. 103 CPM source.

Current: 1\-7 YA)P

4. 10 3 CRM source, "chirp" on.

Current: \MS.R - \ 4 A

5. 103 CPM source, "alarm" on.

Current:_ ___
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Ty~pe Test: Smstem Current Drain (Continued) Date:_

Probe SN

6. 105 CR source.

Current:______7. 105 C source, "cdiair" on.

Current: 1 1- 11 V '
8. 105 CP souceI ', "~a..la onI.

9. 106 cP source.

Current: ?A

10. 106 CEM source, "chirpl" on.

Current:_____

11. 166  M source, "alaW't on.

12. 106 CPM.sour , light on, "chirp" on.

Current:________
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MYv. UCM TOEA=J (-32*C) TS

A. Criteria (-32"C):

The instrument shall be capable of operating with the required
accuracy in climatic categories 1 through 6 in AR 70-38.

B. Required Eauirment:

1. AN/TUM-6 Radiac Calibrator.
2. AN/PER-77 Calibration Fixture.
3. Calibrated Environmental Clmber.

C. Test Procedure,

1. Record the date, the serial numiers of the radiacater, the al Pa
probe, the AN/UEI2-6 calibrator, the calibrated activity of the 10"
CM source from the AN/UEM-6, and the calibrator's calibration date in
the indicated spaces on the data sheet. Record the model, serial
number, and calibration date of the envirormtal chamber in the
indicated spaces on the data sheet.

2. Place the alpha probe inside th env ntal chamber along with
the calibration fixture and the 10 CEM source from the AN/UEM-6.

3. Connect the probe to the radiacmeter using one of the penetrations
through the wall of the chanber. Turn the AN/PER-77 on, and place it
in the count rate mode. Record the ount rate at arbient temperature
in the indicated space on the data sheet.

4. Set the chamber controls for -32*C and turn the chamber on. Record
the time in the indicated space on the data sheet.

5. After at least two hours, record the time, temperature, ard count
rate in the indicated spaces on the data sheet.

6. At various times for another two hours, record the time,
temperature, and count rate in the indicated spaces on the data sheet.

7. If the difference between the first and last count rate readirs is
greater than ±10%, the probe bas failed the test.
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aibration date:______

Alpa Caibrated Attenuator Calibrated
Sgggpe INIAct iiy(CFM) Number AttenuatedAg _--i-v CRM

Mode: ateaeterX Scalar__ Preset Time Interval (Min):

Test Dt

Time count Rate Temperature ('C)

_______ ~ %. k__ _ _ _ _ _ _ _ _

3 v,2 -3-

145 1 4

1. Percentage difference between initial and final count rate

readigs:___
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Type Test: Irm M~ptvat (-32C*.Q wm: ri DEC
Alpha Calibrator, N/UU+-6 S/N: Pl ) 3

Chamber Calibrati:n date:

Alpha calibrated Attenuator CalibratedSource SIN ic-tJivi.tWUCR ANdpet Attenuated Activity (CM

Mode: Ratz "-__ Scalar__ Preset T Interval (Min):

TestDt

Time Count Rate Temperature (6c)

1. Percentage difference between initial and final count rate

readings:
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AN/PDR-77()

ALPHA PROBE

Characteristics
Proe SN: AP094001 (A-I)
Active Ara: 92 c2
Window Thickness (AL): 6000 A*
Count Accuracy (2Pi): +7.6% segment area #2-2.8 an dia. pU239 source

+6.8% Total ?ector Face Area (calculated)
Gama Respcnse: 0 CPM at 1P/hr (Cs
Uniformity in Accuracy: Center Area Segment #5 +30%

Comrer Area Segnwnts #1,3,7,9 -5%,-4%,+1%,-1%
Scintillator: ZrS (A)
0Cerating IaDe erbre: -25'F to 140"F
Detection ohreshold (MeV): 1.8 to 2.4 MeV
Range of COr for measured accuracy: 26 CPM to 850 KCR4
Average Detector Area Count Accuracy: 106.8%

Figure 14

Prototype Alpha Proe Characteristics (Probe A-i)
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AN/PDR-77()

ALPHA PROBE
LARGE AREA- 100 CM 2

characteristics
Probe SN: AP094003 (A-2)
Active Area: 92 cm2

Window Thickness (AL): 6000 A*
Count Accuracy (2Pi): -1.7% segment area #2-2.8 cm dia. Pu239

-16.4% Total Detector Face Area (calculated)
Gamna Response: 0 CPM at 1R/hr (Cs1 3 I)
Uniformity in Accuracy: Center Area Segment #5 +17%

Corner Area Segents #1,3,7,9 -33%,-30%,-41%,-45%
Scintillator: ZnS (Ag)
Operating Temperature: -25"F to 140°F
Detection Threshold (MeV): 1.8 to 2.4 MeV
Range of CaK for measured accuracy: 21 CRM to 1358 kCRM
Average Detector Area Count Accuracy: 83.6%

Figure 14a

Prototype Alpha Probe Characteristics (Probe A-2)
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Apperdix A

US Army Alpha Y!itoring andi Survey Meter Rqiuet
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Revised Abbreviated Performance Characteristics (APC) for
an Alpha Monitoring and Survey Meter

1. General. These APCs are for a lightweight, portable, battery-operated
radiacmeter for the detection of alpha radiations.

2. Perforuance Characteristics.

a. Environmental Considerations.

(1) (Essential) The instrument shall be capable of operating with
the required accuracy (see paragraph 2b(2) below) in climatic categories 1
through 6 as defined in AR 70-38. It shall be capable of safe storage and
transportation without permanent impairment of its capabilities from the
effects of high and low temperature storage and transit conditions as defined
in categories 1 through 6 of AR 70-38. (Desirable) The instrument shall be
capable of operation with the required accuracy in cold and extreme cold
climatic conditions and capable of safe storage without permanent impairment
of its capabilities from the effects of extreme low temperature conditions as
defined in categories 7 and 8 of AR 70-38.

(2) (Essential) The instrument shall be capable of withstanding,
without damage for one year, corrosion caused by exposure to an ocean beach
environment.

(3) (Essential). The instrument shall operate satisfactorily after
submersion for at least 30 minutes in 3 feet of fresh or salt water. External
and internal parts shall not support fungal growth.

b. Operational Characteristics.

(1) (Essential) The instrument shall detect alpha radiations, and
shall indicate on a meter the rate in either counts per minute (CPM) or
disintegrations per minute per 100 square centimeter (DPM/1OOcm2) at which
alpha particles are impinging upon the detector. The read-out units should be
user-selectable. Desirable meter ranges are: 0_106 CPM and 0-105 'DPM/lOOcm2 .

(2) (Essential) Response of the equipment shall be linear.
Instrument readings at any point within the upper 80 percent of the 0 t'o 1000
CPM range and the upper 90 percent of all other ranges shall be within 10
percent (plus or minus) of the readings caused by a known concentration of
plutonium (PU-239 or PU-238).

(3) (Essential) The alpha energy threshold for detection shall be 3
Hey or less at the surface of the window. The equipment shall be sensitive to
alpha particles of all energies above this threshold.

(4) (Essential) The equipment shall not be significantly affected by
non-ionizing radiation. Also, the equipent's ability to detect alpha radia-
tion shall not be significantly affected by other forms of ionizing radiation.
The puma response of the instrument shall not exceed 25 counts/minute per
millirad/hr of gamma radiation at the location of the instrument for a gamma
field of up to 1 rad/hr resulting from fissioned nuclear weapons material
(gamma energies approximated by Cesium 137); therefore, in a 1 rad/hr gamma
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field the instrument response due to gamma radiation must not exceed 25,000
counts/minute.

(5) (Essential) The equipment shall operate as specified for at
least 50 hours per set of batteries, including 4 hours intermittent operation
of meter with internally illuminated dial. Changing of the batteries shall
not require recalibration of the equipment. It should be possible to easily
change batteries using only a screwdriver.

(6) (Essential) The equipment shall be calibrated against plutonium
239 or plutonium 238 (see paragraph 3h). The meter indication shall be
proportional to the concentration of active material of the source.

(7) (Essential) The meter shall be direct reading. Calibration
curves are unacceptable.

(8) (Essential) The equipment shall be capable of operating with the
required accuracy within 2 minutes after being turned on following a period of
inactivity of at least 60 minutes.

(9) (Essential) The equipment shall be zero stable, and shall not
drift beyond the specified accuracy over the battery oper&ting life (see
paragraph 2b(5) above). Replacement of batteries shall restore the reading to
within the limits allowed under reproducibility (paragraph 2b(2), above)
without recalibration.

(10) (Essential) The equipment shall maintain its required accuracy
during normal use for at least 6 months without recalibration.

(11) (Essential) Reliability, Availability and Maintainability (RAM).
The RAM requirements are stated in terms of Mean Time Between Operational
Mission Failure (MTBOMF), Mean Time to Repair (MTTR), Maintenance Ratio (MR)
and Operational Availability (AO).

Operational Requirements at IOC:

I. Nuclear Accident/Incident Control (NAIC) Mission

Case A. Radiacmeter and Alpha Probe

Reliability

MTBOMF 142 hours

Maintainability

MTTR (DS) 1.0 hour
MTTR (GS) 1.0 hour
MR (DS) 0.0025 mh/op. hr.
MR (GS) 0.006125 mah/op. hr.

Availability

Ao 0.99
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Case B. Radiacmeter and X-ray Probe

Reliability

MTBChF 480 hours

Maintainability

MTTR (DS) 1.0 hour
MTTR (GS) 1.0 hour
MR (DS) 0.0 mb/op. hr.

MR (GS) 0.00275 mmn/op. hr.

Availability

Ao 0.99

Case C. Radiacmeter and Beta/gamma Probe

Reliability

MTBGMF '725 hours

Maintainability

HTT1 (DS) 1.0. hour
MTTR (GS) 1.0 hour
MR (DS) 0.0 mab/op. hr.
MR (GS) 0.001831 mmh/op. hr.

Availability

Ao 0.99

II. Nuclear Storage Monitoring Mission

Reliability

MTBCF 142 hours

Maintainability

MTTR (DS) 1.0 hour
MTTR (GS) 1.0 hour
MR (DS) 0.0025 mob/op. hr.

MR (GS) 0.006125 b/op. hr.

Availability

Ao 0.99
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III. M43A1 Monitoring Mission

Reliability

MTBOMF 142 hours

Maintainability

MTT! (Ds) 1.0 hour
MTTR (GS) 1.0 hour
MR (DS) 0.0025 m.h/op. hr.
MR (GS) 0.006125 mmh/op. hr.

Availability

AD 0.99

(12) (Essential) At least 85 percent of the instruments in storage
shall function properly after a period of storage of at least 3 years (see
paragraph 2a(1) above).

(13) (Essential) A check switch will be provided to insure adequate
battery voltage for operation.

(14) (Essential) The proposed device will be compatible with a
beta/gamma probe. The radiacmeter portion of the instrument will have the
capability to automatically recognize the type of probe to which it is con-
nected, and to adjust the display accordingly, without operator action. The
alpha and beta/gamma probes need not be simultaneously operated. Switching
between the two probes will not create a need to recalibrate the instrument.

(15) (Essential) The proposed device will be entirely auto-ranging,
and its display shall be digital. No manual scale changing or use of analog
displays will be allowed. The display shall indicate counts per m.tnutes (cpm)
when the alpha probe is in use, and millirads per hour (mR/hr) when the
beta/gamma probe is in use.

(16) (Essential) The display shall feature an automatic warming of
low battery level, which shall operate entirely without operator action.

(17) (Essential) The instrument will be furnished with a Th-232 check
source to allow the operator to verify that the instrument is functioML4$.
The activity level of the check source will be low enough so that It does not
require a license.

(18) (Essential) The radiacmeter portion of the instrument will be
furnished with Built in Test (BIT) software to monitor all internal functions.
A sequene of test functions will be initiated by a single operator action
(e.g., pressing a single button) and then proceed automatically. Any malfunc-
tions detected shall be indicated on the display and also by the audio alarm.

(19) (Essential) The instrument will be equipped with a count rate
alarm. The operator will be able to change the alarm level, and also to
disply the ourent alarm level on the radiacmeter display, without opening
the Case and without the use of tools.
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(20) (Essential) The instrument will have both visual and audio
alarms. The radiacmeter will have the capability of silencing the audio alarm
without disabling the visual alarm.

(21) (Essential) The instrument will be powered by batteries now in
the standard army inventory. It is desirable that these be either BA 3090 (9
volt) or BA 3030 (OD" cells).

(22) (Essential) The instrument will operate without disruption in the
presence of electromagnetic radiation produced by standard military equipment
commonly operated in the vicinity of alpha monitoring equipment. The instru-
ment will also emit no electromagnetic radiation that will cause disruption to
any military equipment commonly operated in the vicinity of alpha monitoring
equipment.

3. Physical CharacteristiCs.

a. (Essential) The complete equipment shall consist of a radiacmeter,
alpha probe, carrying harness, carrying case, radioactive test sample to check
all ranges, and headphones. Weights and dimensions for the radiacmeter and
probe shall not exceed the following:

Dimensions (inches) Weight (pounds)

Length Width Height

Rad.iacmeter 9 5 8 8

Alpha Probe 9 4 4 3
(excluding
handle)

b. (Desirable) The instrument design shall permit the operator to survey
smooth surface areas from a standing position.

c. (Essential) The bottom of the probe shall be protected by a grid type
plate which will protect the sensitive area of the probe during use.

d. (Essential) The sensitive area is defined as that area of the probe
which is sensitive to alpha radiations. The total sensitive area shall be at
least 25 ca2, and not greater than 100 c22 .

e. (Desirable) The equipment shall have as an accessory probe to detect
the presence of plutonium under adverse conditions (e.g., rain, snow, and
after firefighting operations). The probe shall not weigh more than 2 pounds
and the Saat energy response shall cover the energy range from 10 to 60 Key.

f. (Essential) Design of the equipment shall be such as to minimize
contamination by chemical or biological agents or radioactive materials.
Components of the equipment shall be readily capable of decontamination with
minimiu effect on their proper operation. Nuclear-hardening is not required.
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g. (Essential) A self-contained power source for the alphameter and all
integral devices shall be provided.

h. (Essential) The instrument shall be capable of being calibrated by
standard army calibrators (i.e., AN/UDM-6).

i. (Essential) The.eqUiPMent shall be constructed to withstand transport

in vehicles over rough terrain and in aircraft as prescribed in AR 70-38.

4. Other Charactewistios.

a. (Essential) Operating personnel shall be adequately protected against
high voltages and from any radioactive materials used for a calibration check
or for any other purpose.

b. (Essential) The equipment shall be designed to conform with human
factor engineering principles, including consideration of ease in handling and
,carrying and operations in confined spaces.

c. (Essential) The design of the equipment shall permit operation when
protective equipment is worn, e.g., protective mask or respirator and heavy
gloves.

d. (Essential) The equipment shall be ripable of operation by selected
military personnel after a minimum period of instruction to include before,
during, and after operational checks, use, and maintenance. Instrument design
will be such that changing of batteries can be accomplished by personnel
wearing protective gear (see paragraph 4c).

5. Pre-Programed Product IUproveient (P3I). (Desired) The instrument will
have a Sodium Iodide accessory probe for neutron detection and an external
speaker.
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Appendix B

Patent Dock&et: Scintillator Assembly arxd
Assembly of Alpha Particle Detector
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-iAAQRZ Or TI T fi=CSUUE

A scintillator asseably for use in the dutection of alpha

radiation Includes a body of optically-transperent epoxy an4 an

amount of phosphor particles eaed4ed vithin the body adjacent one

surface thereof. When makinq te body, th4 paosphor particles are

nixed vith the epoxy wnen in an uncured condition end permitted to

settle to the bottom surface o a sold within which the

epoxy/phosphOr mixture is contained . When the mixture subsequently

Ores to for a hardened body, the one surface of the body which

cured against the bottom surface of the old is coated with a thin

layer of opaque material for preventinq ambient light from enterinq

the body through the one surface. The layer of opaque material is

the sfter coated with a layer of protetive material to provid4

the assembly vith a dauaqe-resistant entrance vindov.
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a~wl .T&a AfeanSLY FoS• ALJ nLtAZT gDItT
AN rBD OF MATqMl( Trl AmMMMwLy

--ac n_,4 ath e Invention

This invention was a4e vit Government Support under

Contract no. DZ-ACOS-40IR21400 avarded by the u.s. Department of

M W to MartLn Nagrjetta Energy Systems, Inc. and the Government

S has ce t in rights In this Invention.

This Invention relates generally to the detection of

alpha readation and relates, more particularly, to instruments used

in the detection of alpha radiation.

Conventional alpha sointillation survey instruments

10 oamonly Include an optioally-tranuparent light pipe vhlch is

optically coupled to the fr nt of a phtcomultiplier tube. Disposed

across the light pipe opposite the photomultiplier tube is a thin

layer of phosphor, such as silver-activated zinc sulfide. During

use of such an instrument, alpha particles interact with the

15 phosphor layer to create light photons which, in turn, are guided

by the light pipe onto the photomultiplier tube. In order to

protect the photomultiplier tube from saturation by ambient visible

light, the instrument is commonly housed in a metal casing and

covered vith a thin, opaque radiation entrance window.

20 The entrance window is relatively thin to permit the

passage of alpha particles and to avoid any significant reduction

of kinetic energy possessed by the particles as they pass through

the window. Entrance windows of conventional alpha scintillation

instruments coonly are provided by a layer of aluminized xylar&

25 possessing a thickness of about 6 .35 micrometers (i.e., about 0.39

mil). Mylar material possessing such a thickness is known to

provide a satisfactory opaque shield against ambient light and is

thin enough for most alpha particles to penetrate. Howver, such

a window is relatively fragile and is easily" punctured, torn or

30 scratched. in order to render a conventional survey instrument

more durable for use in field environment&, the fragile entrance
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window may be replaced with a mashed Nylr ( vindov screen or a

aicromachined silicon wafer may be incorporated vithin the

instzment to obviate the fragile entrance window. However,

neither of the instruments which result from the aforementioned use

s of the eShed window screen or micromachined silicon wafer have

been found to be both highly efficient and suitably rugged. it

would be desirable to provide an instrument for the detection of

alpha radiation which combines both high efficiency and ruggedness.

Aoordingly, it is an object of the present Invention to

10 provide a new and improved scintillator assembly for use in an

alpha radiation detector which promotes high efficiency during

operation of the instrument and "s sufficiently ragged for use In

field environments and a Method of Making the assembly.

15 This Invention resides in a ecintillator assembly for use

in the detection of alpha radiation and a Method of making the

assembly.

The scintillator assembly includes a body having a front

surface against which alpha particles desired to be detected

20 impinge and includes an optically-transparent medium and an amount

of phosphor embedded within the optically-transparent medium

adjacent the front surface of the body. The front surface is

coated by a relatively thin layer of opaque material for preventing

ambient light from entering the body through the front surface

3! thereof, and the layeraes opaque material is coated by a layer of

protective material which is transparent to alpha particles MoVinq

through the protective material layer to provide the assembly vith

a damage-resistant entrance window.

The method of making the scintillator includes the steps

30 of providing a mold having an interior having a relatively smooth

bottom surface, providing an amount of phosphor in particle form,

and providing an amount of optically-transparent Medium in an
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unared oondition wherein the opt ically-transparent medium has a

relatively low viscosity when in its uncured condition and Is

curable to a hardened condition. The amount of phosphor is mixed

with the uncured amount of optical y-transparent medium, and the

5 resulting phosphor/mediuS mixture is placed within us sold. A

major portion of the phosphor is trien permitted to settle within

the optioally-transparent medium to the bottom surface of the mold,

and the mixture is then permitted to cure to form a hardened body.

The hardened body is thereaft r removed from the mold and the

10 msrface of the body which cured against the botto surface of the

3014 (psvwidifng the front surface of the body in the scintillator

assembly) is coated with a relatively thin layer of opaque material

to prevent ambient light from entering the body through the body

surface. The layer of opaque material is subsequently coated vith

15 a layer of protective material to provide the assembly vith a

damge-resistant entrance window.

miaf Dasriotion at_ tha Drawings

Fig. 1 is a fragnaentary transverse cross-sectional view

of an embodiment of a scintillator detector assembly irn accordance

20 vith the present invention.

Fig. 2 is a view of the Fiq. 1 assembly similar to that

of Fig. 1, shown exploded.

Fig. 3 is an exploded perspective view of a mold used in

conowtion with the making of a component of the Fig. 1 assembly.

25 Fig. 4 is a cross-sectional view taken along line 4-4 of

Fig. 3.

Fil. 5 and 6 are views illustrating various steps

involved in making the Fig. 1 assembly.

Detailed DaeU Dr of an Illuated dimen

30 With reference to Figs. 1, and 2, there is shown an

in strument 1S for use in the detection of alpha radiation and

within which an embodiment of a saintilsator asse ly, indicated
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3o, to incorporated. in addition to the assemnly 20. the

instrument is includes a photoultiplier tube 22 and an amount of

pbosphor material, described herein, positioned in front of the

tube 32. During operation of the instrument 18, particles of alpha

5 radiation interact with the phosphor material to create photons,

and the created photons are guided, or focused, onto the front,

indicated 23 in rig. 2, of the photomultiplier tube 32. The means

and methods by which the created photons are sensed with the

pbotoutiplier tube are vell known in the art so that a more

10 detailed description of the detection couponentry of the instrument

1 if not believed to be necessary.

The adintillator assembly 20 is mounted in the instrument

16 in front of the photoultiplier tube 23 and includes the

aforementioned amount of phosphor used in the creation of photons

L5 upon interaction with alpha particles. In this connection, the

assembly 20 includes a body 24 havinq a saooth front surface 24 and

an opposite back surface 28. A light pipe 25 in attached to the

back surface 23 and interposed between the body 24 and the

photoaultiplier tube 33. The front surface 26 of the body 24 in

20 Coated with a layer 30 of Opaque material, whose purpose in set

forth in greater detail herein, and the opaque material layer 30

is, in turn, coated with a layer 32 of protective material.

The body 34 of the assembly 20 includes an optically-

transparent medium 36, such as an optically-transparent epoxy

25 vithin which an amount of phosphor 38 is embedded. more

specifically, the phosphor 33 is embedded within the body 24 so

that a major portion of the phosphor amount is positioned adjacent

the front surface 26. The epoxy 36 is comprised of a resin and a

hardener which when mixed and in an uncured condition, possesses a

30 relatively low viscosity. The amount of phosphor 38 is added to

and nixed with the lo-viscosity epoxy in a povdered form and

permitted to gravitationally settle within the mixture before the
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epoxy oure to. hardened condition. When, therefore, the epoxy 36

subsequently cures to a hardened condition to form the body 24, the

aor portion of phosphor 38 is collected In a layer adjacent the

lowermost surface of the hardened mixture. In order, therefore,

S that the phosphor 35 to qravitationally collected adjacent the

front surface 26 of the body 26 during the formation of the body

24, the body 24 is molded with its front surtae 26 acing

dowavrn ly.

An example of an epoxy suitable for use as the optically-

10 transparent voedium of the body 24 is available unaer the trade

designation 3cobond 2 71 from tmerson a cumitnqs, InO. of canton,

Nassaehusetts. Preferably, the phosphor 36 of the body 24 1

silver-activated sinc sulfide (ZnS(A;)J havinq a particle size of

about twelve micrometers. Silver-activated zinc sulfide possesses

15 desirable qualities as an alpha-sensitive nedtie and Ven utilized

in the body 24, enhances the collection efficiency of the

photcoultiplier tube 22. During formation of a body 24 (described

in greater detail herein) wherein a phosphor layer possessing a

thickness of about 0.13 Cm(0.05 inches) is desired, an amount of

20 phosphor powder is mixed with the epoxy ms that upon settling

within the mixture, about 7.0 milligrams per square centimeter of

phosphor powder is deposited along the lower surface of the

mixture.

To form the body 24 and with reference to Fig. 3, a sold

25 40 is prepared for holding a mixture of uncured epoxy and phosphor.

Buch a mold 40 may be prepared by machining a substantially square

openinq 42 in a block of polyethylene or tetraflucroethylene, such

as is available under the trade designation Teflon from E.I. du

Pont do Nemours 6 Company, Inc., of Wilmington, Delaware to form a

30 f rame 44 for the mold 40. For present purposes, the opening 42 in

the illustrated frame 44 as measured across its upper surface is

&bout 4.310 inches by 4.219 inches (i.e., 100 square oentimters),
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and the inside surfaces of the fram. 44 are willed at about a

forty-five degree angle between the top and bottom surfaces as best

shomn in Fig. 4.

To form a bottom for the mold 40, a suitably-sized piece

5 44 ts cut from a shoet of polyester film, preferably of a type

which is available under the trade designation Hylar fron 9. 1.

du Pont, do NeSour CO., Inc. one side, indicated 4s in Fig. 3,

of the Mylar piece 46 is then coated with a thin layer of a old

release agent, such as that which is available under the trade

10 designation Ram Mold Release 225a m 1m8 Chemicals of Garcene,

California. During a coating operation, the Mylar piece 46 is

preferably attached to a spinner (not shown) and rotated so that

the one side 41 of the Hylar piece 46 to which the mold release

agent is to be applied Is spun about its center at aboiu't 3,000

15 revolutions per minute. The sold release agent (in a liquid forn)

is then applied to the center of the side 46 of the spinning piece

46 so that the spinning action of the piece 46 coats the side 48

with the release agent and slings excess release agent from the

side 46.

20 The one aide 46 of the Mylar piece 46 is then coated vitn

an opaque material of the type desired to provide the layer 30 for

the body 24. In the depicted embodiment, the opaque material used

for coating the piece side 46 is aluminum and is applied to the

place side 48 by an evaporation process so that tOe thiccxness of

25 the aluminum ccating upon the piece side 46 Is about 2000

angatroms. The aluminum-coated ylar piece 46 is then tigntly

stretched across a glass plate 50 (measuring 6.o inches across its

face) so that the aluminum-coated side 40 of the ylar piece 46

faces away from the plate 50. When stretching the Mylar piece 46

30 onto the plate 50, care should be is taken to ensure that no dust

particles are trapped between the piece 44 and the plate SO.

.The old frame 44 is then placed upon and attached to the
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&luminu-.ooted Hylar pee 46 to form the assembled mold 40, best

SMnl in Fig. 5. Attachlent 0? the mld1 frae 44 to the aluminum-

coated ylar piece 46 is effected with a double-sided tape or some

other adhesive positioned betVeen the periphery of the piece 46 and

S the lover side of the frame 44. Preferably, the attame nt of the

fV=0 44 to the Hylar piece 46 forms a sealed bond therebetveen to

prevent leakage from the interior of the sold when the mold 40 is

us"e. Xt follows that the sidewalls of the interior of the

assemiled sold 40 is provided by the inside surfaces of the frame

10 44 and the bottom of the mold interior is provided by the alumianum

coating of the Hylar piece 46.

AS mentioned earlier, the medium 36 with which the body

34 is formed is optically-transparent in its hardened, or cured,

qtate and in the depicted embodiment is comprised of the

15 aforementioned Zocobond 27 epoxy from Emersoni Cummings, Inc. The

phophor used in the formation of the body 24 is ZnS(Ag) having a

particle sle of about 12 micrometers is well-suited for use in the

body 24.

With reference to rig. 3, an mount of uncured epoxy is

20 mixed with a smialler amount of phosphor in a separate container 54

before the epoxy/phosphor mixture 56 is poured into the mold 40.

At the outset of such a mixing operation, the aforementioned

oaboand 27 (comprised of a resin and a hardener), 18.5 gras of

rein is mixed vith grams of hardener in the container 54, and

25 then about 500 milligrams of the ZnU(Ag) (12 micrometer particle

size) are added to the epoxy mixture. The three perts are then

gently mixed toqether while care is taXen to minimize the formation

of air bubbles within the mixture. Preferably, the epoxy should be

thoroughly mixed and the phosphor uniformly distributed throughout

30 the epoxy mixture.

The epoxy/phosphor mixture 56 is then poured into the

sold 40 as shown in Fig. S. With the aforementioned aaownt Of
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resins hardener and phosphor, the mixture 56 torss a relatively

thin layer vithin the sold 40 having a thLckn-ass of about 0.13 ca

(0.05 inches). The old 40, vith the mixture So, is then placed

within an oven sot at Go degrees Centigrade and permitted to heat

5 for about thirty minutes. Positioned vithLn the oven for only

about thirty minutes, the epoxy does not cure and Its viscosity

remains low enough that the phosphor particles satisfactorily

settle to the bottom of the epoxy/phosphor mixture So. At the end

of the thirty minutes, the sold 40 is removed from the oven.

10 The light-pipe 235 illustrated in Fig. 6 in constructed of

methyl methacrylate and in the depicted embodiment, is in the form

of a solid block measuring about 4.219 inches by about 4.321 Inches

by about 0.4375 inche. With the mixture 56 in at least a

partially cured condition within the mold 40, the light-pipe 25 is

15 attached to the upper surface of the body with a suitable epoxy,

such as the aformentioned Eccobond 27. in the illustrated

embodiment, 10.3 grass of resin and 3.1 grams hardener of cobond

27 are mixed together in a suitable container and subsequently

applied as a mixture 36 to the center of one side of the light-pipe

20 25 as shown in Fig. 7. The light-pipe 25 is then placed epoxy-side

down into the mold 40 containing the partially-cured epoxy/phosphor

mixture 56 so that the epoxy mixture applied to the light-pipe 2!

spreads across the upper surface of the mixture 56. With the epoxy

mixture 58 sandwiched between the mixture 56 and light-pipe 25, the

23 mixture 56 forms a bonding layer vhich is substantially free of air

pockets.

The old contents are then permitted to cure to a

hardened condition. although the contents of the sold 40 Will cure

satisfactorily if left undisturbed overnight, the mold 40 may be

30 placed in an oven to reduce the time normally necessary for curing.

Upon curing of the sold contents to a hardened condition,

the Mylar piece 44 is gently peeled from the hardened mixture 56,
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or more specifically, from the front outface 26 of the hardene4

body 24 so that the aluminum with which the piece Side 45 vas

mated remains attached to the front surface 20. The body 24 is

then removed from the sold frame 44 and prepared for the

S application of additional aluminum on the front surface 26. To

this end, a thin layer of mold release aqent is applied to the

front surface in a spin-coating process. In particular, the body

24 is attached to a spinner (not shown), and its front surface 26

Is spun about its center at about 3000 revolutions per minute. The

10 mold release agent is then deposited upon the center of the

spiLnhng surface 26 so that the spinning action of the body 24

slnqs the sold release agent across the front surface 36.

With a thin layer of sold release agent applied to Ue

oluminized front surface 26, an additional layer of aluminum is

1 applied to the front surface 26 by an evaporation process (I.e.,

e-beag evaporation) so that the additional layer of aluminum has a

thicwess of about 2000 anqstroms. The steps of spin-coating a

thin layer of mold release agent onto the front surface 26 and

applying an additional layer (about 2000 angstroms in thickness) of

20 aluianum to the front surface 26 are thereafter repeated until the

total thickness of the aluminum applied to the front surface 25 is

.completely light-tight. It has been found that an aluminum coating

possoessin a thickness of about 8000 angstroms provides the front

surface 26 with satisfactory liqht-tiqht characteristics.

23 The aluminum coating (indicated 30 in riqs. 1 and 2)

applied to the front surface 26 of the body 24 in thereafter coated

vith a layer 32 of hardcoat material in a spin-coating process. in

this connection, the body 24 is attached to a spinner (not shown)

and rotated so that the aluminum-ooated front surface 36 rotates

30 about Its center at about 3000 rpus. An uncured amount of n&rdc t

material such as cyanoacrylate available under the designation Zip

Grip 4404 from Deveon Corporationi is than deposited upon the center

113



of the front surface 26 so that the spinning action of the body 24

coat the aluminum layer 30 with the hardcoat material and slinqs

Off Of the body 24 any excess hardocat material. The layer 32 of

hardoat is thereafter permitted to cure to complete the assembly

5 20, and the assembly 20 is optically-attached to the

phetou4itiplier tube 22 in a manner well-knovn in the art.

The resulting scintillator assembly 20 is advantageous in

that its entrance vindow, provided by the hardooat layer 32, is

resistant to scratches, tears, punctures and Other forms of

10 physical damage and is resistant to many types of chemicals which

my damage conventional scintillator assemblies. Hence, the

asmbly 20 is well-suited for use in field environments.

Noreover, the assembly 20 is watertight and suitable for use in

high humidity areas and liquid or wastevater streams. in addition,

15 the components of the assembly 30 are commercially available at

relatively low costs thus rendering the material cost of the

asseably 20 relatively low. Furthermore, the assembly 20 may be

mgnufactured in the size, shape or form required by the application

or to retrofit existing alpha scintillator detector units. Still

20 further, the overall efficiency of the assembly 20 has been found

to be greater than conventional scintillator assemblies and is

advantageous in this respect.

It vill be understood that numerous modifications and

substitution* can be had to the aforementioned embodiments without

25 deperting from the spirit of the invention. For example, althouqh

the application of opaque material, e.g. aluminum, to the front

surface 26 of the assembly body 24 has been shown and described as

effected by e-beam evaporation, the opaque material may be effected

by sputtering, anodization, diffusion or chemical reaction in

30 accordance with the broader aspects of the invention. Accordinqly,

the aforementioned embodiments are intended for the purpose Of

illustration and not as limitation.
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AFIperxdix C

Certificate of Calibraticn, ANAMK-6
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US ARMY AREA TMDE SUPPORT CENTER-SACRAMENTO
SACRAMENTO ARMY DEPOT

SACUMNIT, C&IM~iI* 9113-533

U.S.ARMY PRIMARY NUCLEONICS LABORATORY
eF ORT OF CAL X BRAT X ON

OF

RADIAC CALIBRATOR AN/UDM-6
S.N. A-1003

FOR

CECOM SAFETY OFFICE
AMSEL-SF-RER
FORT MONMOUTH, NJ 0770.-500

rhe alpha particle emission rate from the active surfaces of the sources are:

Serial Number Counts/Minutes Uncertainty
------------------------------------------------------------------- ------

P-1559 1,-7 4/- 2.8Z

P-14S2 !1.799 =/- .44

P-1907 121.560 +I- :.:%

P-2Z7: 1,11.522 4/- 2.2%

The counting was performed using a 2 F'i NMC PC-4 gas flow immersion countinc
chamber. This calibration is traceable to National Institute of Standards
and Technology. The uncertainties represent the sums of the limits of the
random errors at the 99 percent confidence level and the ma:imum
systematic errors in the measurement.

CHARLES R. WALLACE
CHIEF, AFNL
USACRC-Sacramento

DATE: FEBRUARY 9, 1990
Report No. W46VZ9227N

This certification is valid for 7-0 days from the above date. Recertificatio
is advised after 720 days.
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DEPART M3ENTr OP THm ARMY
DISTRICT TMDE SUPPORT CENTER SACRAMENTO

SACRAMENTO ARMY DEPOT

SACRAMENTO, CA 95813-5035

AMXTU-GC-S 24 JAN 92

NUCLEONICS LABRATORY BRANCH

REPORT OF CALIBRATION

For
RADIAC CALIBRATOR, AN/UDM-6
Serial No. A1160
Report No. W4GV39 226N

CALIBRATED FOR: W4GV39

SAFETY OFFICE
ATTN: AMSEL-SF-RER
FORT MONMOUTH
FORT MONMOUTH, NJ 07703

Alpha particle emission rate from the active surfaces of the sources are:

Serial Number Counts/Minutes Uncertainty

--------------------------------------------------------------------------------------

P31.50 1;106 +/ 3.66 %

P2724 1Z,126 +/ 2.95 %

P2608 144,320 +/ 2.29 %

P3159 1,456,589 +/ 2.14 %

The Counting was performed using a 2 pi NMC PC-4 gas flow immersion
proportional count chamber. Uncertainties represent the sums of the
limits of random errors at the 99 percent confidence level and the
maximum estimated systematic errors in the measurements.

Calibration traceable to National Institute of Standards and Technology.
This certification is valid for 720 days from the above date

Fot EDWARD R. ENZ
CHIEF, NUCLEONICS LABRATORY BRANCH

CHRLES E 'WALTON

TprmNICIAN IN CHARGE OF TEST
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